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CHAPTER I 

INTRODUCTION 

World demand for protein has rncreased the need to use feed protem 

efficiently. Our understanding of rumrnant protem and ammo acid metabolism has 

rncreased tremendously since Loosh et al. (1949) and Duncan et al. (1953) first 

reported that rumen microbes can synthesize all the essential ammo acids from 

non-protein nitrogen (NPN). During the 1950s (Weller et al., 1958) and in the 

1960s (Oltjen, 1969; Virtanen, 1969), dietary N source was generally regarded as 

irrelevant for rumrnants, since microbial protem synthesis supplied sufficient 

quantities of ammo acids for most levels of production. However, mcreasing the 

supply of protein or ammo acids post-rumrnally could mcrease N retention and 

ammal performance. Chalmers et al. (1954), Egan (1965) and Little and Mitchell 

(1967) demonstrated that N retention was rncreased when casem was rnfused post­

rummally. Hence, rummants will respond to an rncreased supply of post-rummal 

protem. Schelling and Hatfield (1967) reported that N retention was increased 

when methiomne-supplemented casern was mfused abomasally mto lambs. T agari 

et al. (1962), Sherrod and Tillman (1964) and Ghmp et al. (1967) successfully 

rncreased N retention or rate of gam by heatmg soybean meal to reduce Its 

degradation rn the rumen. 

In response to these research results, one obJective rn protem nutrition of 

rumrnant ammals became to rncrease rumrnal escape of high quality feed protem 

while maximizing bacterial protem supply to the small rntestme (Owens, 1978). 

Understandably, the methods to achieve such goals became complex. 

Mampulatmg rumrnant protem digestiOn can boost the efficiency of feed use by 



2 

ruminants and could rncrease the value both of rnexpensive NPN sources, like 

urea, and of protem sources which escape rummal digestion. 

The protem requirements of high producrng dairy cows are high. Cows must 

absorb large quantities of ammo acids from the small mtestrne to meet the needs 

for milk protein synthesis, body tissue marntenance, gluconeogenesis, and fetal 

growth. Durrng peak lactation, the quantity of ammo acids absorbed from the 

small mtestrne may not be adequate. This restricts milk production and causes 

the cow to mobilize protem stores to meet the added need. Hence, much research 

has attempted to maximize the quantity and quality of protem reachmg the small 

intestme for absorption to increase milk production (Netemeyer et al., 1982). For 

growmg animals, as well, mcreased rates or effiCiencies of growth have been 

observed when protected protem or protein slowly degraded rn the rumen has been 

added to diet (Thomas et al., 1979; Stock et al., 1981). Besides mcreasrng 

productivity, mcreased escape should reduce feed costs by rncreasmg the potential 

for NPN use. Most bacterial nitrogen passes through the ammonra pool in the 

rumen (Pilgrim et al., 1970) so it IS most efficient and cost effective to meet the 

mtrogen requirements of rumina! bacteria with NPN when a protected or slowly 

degraded protein IS fed to increase the supply of high quality dietary protein to 

the small rntestme. Supplementing a diet contammg a high proportion of escape 

protem with NPN may be essential smce, otherwise, rumina! bacteria can be 

starved for ammoma. 

Infusion of casem or ammo acids post-rumrnally has mcreased milk 

production by 1 to 4 kg per cow per day (Clark, 1975a). Since post-rummal 

mfusion is not practiCal for applicatiOn under field conditiOns, other methods to 

mcrease protem escape have been Investigated. These mclude: 1) encapsulating 

amino acids with resistant coatmgs, 2) supplementing the diet with ammo acid 

analogs, and 3) chemically or physically treatmg dietary protems to reduce 
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rummal degradation (Broderick, 1975; Clark, 1975b). The use of amino acid 

analogs and protected methiomne m dairy cattle diets has been extensively 

mvestigated with emphasis on feeding the hydroxy analog of methionine (MHA). 

Dietary supplementation with MHA or ruminally protected methionine has 

produced little or no mcrease m milk yield but often has mcreased the percentage 

of total solids, fat and protem in milk (Clark, 1975b; Yang et al., 1984). 

To mcrease rumina! escape of dietary protem, one can formulate ruminant 

diets usmg feed mgredients low in protem solubility (Wohlt et al., 1976; Braund et 

al., 1978; Davis, 1978; MaJdoub et al., 1978). Feeds low m protein solubility tend 

to be degraded less extensively m the rumen (Satter et al., 1977). Though the 

relationship is far from perfect, milk production has been mcreased when cows 

were fed diets low m protem solubility in some studies although results have not 

all been positive (Davis, 1978; Ahrar and Schmgoethe, 1979; Netemeyer et al., 

1982). In these studies, milk production may have been increased either due to a 

reduction in the soluble mtrogen content of the diets or because of alteration m 

other dietary factors such as levels of non protein mtrogen or soluble 

carbohydrates and levels or patterns of dietary or bypassed amino acids. 

The obJective of this dissertation was to evaluate the Impact of soybean 

meal protem solubility on milk production, milk composition, and rumina! 

degradation. This thesis work was designed to determme the extent of rummal 

proteolysis, rummal fractiOnal passage rate and production response to several 

modified soybean meals mcorporated mto diets for lactating dairy cows. 



CHAPTER II 

REVIEW OF LITERATURE 

Soybean meal protein degradation and ut1llzat10n by ruminants has been an 

act1ve area of research. Invest1gat1ons w1th rummants have employed .!!2 v1tro, in 

s1tu and in .Y.!YQ. measurements. This rev1ew w1ll discuss nitrogen metabolism and 

the potential for protectmg dietary protem from m1crob1al attack m the rumen. 

Next, methods to alter the site of protein degradation wlll be discussed and finally 

recent tr1als evaluating protein solub1llty of diets for lactating dairy cattle will be 

reviewed. 

Nitrogen Metabohsm m the Rumen 

The nitrogen in most feedstuffs cons1sts largely of protem-N w1th small 

amounts of NPN. Nitrogen enters the rumen in feed and sahva and by transfer 

across the rumen wall (Hogan, 1975). Plant protems vary greatly m structure, 

ammo ac1d compos1t10n, solubility and susceptib1hty to rummal degradation. 

Degradation of protem m the rumen by the bacter1al and protozoal populat10ns 

can be extens1ve. Protems are hydrolyzed by proteolytic bacter1a and constituent 

ammo ac1ds are deammated to ammoma, short cham fatty ac1ds, and carbon 

diox1de (Tillman and S1dhu, 1969; Allison, 1970). Many factors mcludmg protein 

solubility, method of processmg, rummal pH, rate of passage, and feed mtake 

level can mfluence e1ther the rate or extent of degradation of dietary plant 

protem m the rumen (Clark, 1975b; Satter et al., 1977). 

Sources of d1etary NPN include all m trogenous compounds wh1ch are not 

proteins such as ammo ac1ds, pept1des, am1des, ammes, ammomum salts, mtrates, 

4 
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rummants and could increase the value both of mexpensive NPN sources, hke 

urea, and of protein sources whrch escape rummal drgestron. 

The protem requrrements of hrgh producmg dairy cows are hrgh. Cows must 

absorb large quantities of amino acids from the small intestine to meet the needs 

for mrlk protein synthesis, body trssue mamtenance, gluconeogenesis, and fetal 

growth. Durmg peak lactation, the quantity of amino acids absorbed from the 

small intestine may not be adequate. This restricts milk production and causes 

the cow to mobilize protem stores to meet the added need. Hence, much research 

has attempted to maximize the quantity and quality of protem reaching the small 

intestme for absorption to increase milk production (Netemeyer et al., 1982). For 

growing animals, as well, mcreased rates or efficiencies of growth have been 

observed when protected protem or protein slowly degraded in the rumen has been 

added to diet (Thomas et al., 1979; Stock et al., 1981). Besides increasing 

productivity, increased escape should reduce feed costs by increasmg the potential 

for NPN use. Most bacterial nitrogen passes through the ammonia pool m the 

rumen (Pilgrim et al., 1970) so It IS most efficient and cost effective to meet the 

nitrogen requirements of rummal bacterra With NPN when a protected or slowly 

degraded protem IS fed to mcrease the supply of high quality dietary protein to 

the small intestme. Supplementmg a diet contaming a high proportion of escape 

protem with NPN may be essential since, otherwise, rumina! bacteria can be 

starved for ammoma. 

Infusion of casem or ammo acids post-rummally has increased milk 

production by 1 to 4 kg per cow per day (Clark, 1975a). Since post-rummal 

mfusion IS not practical for application under field conditions, other methods to 

mcrease protem escape have been investigated. These mclude: 1) encapsulating 

ammo acids with resistant coatings, 2) supplementing the diet wrth amino acid 

analogs, and 3) chemrcally or physically treating dretary proteins to reduce 
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nitrites and urea (Chalupa, 1978). Apart from the NPN derived from natural 

feeds, ammomated feeds or other nitrogenous compounds often are added to the 

diet. The value of NPN to the ruminant depends upon the extent to which 

ammoma liberated from NPN is utilized by rumen bacteria for protem synthesis 

(Chalupa, 1972). The rate and amount of ammonia released from NPN compounds 

depends on the presence and activity of enzyme systems which degrade NPN. 

The work of Zuntz and Hagemann in 1891 (see Hungate, 1966) first 

demonstrated the usefulness of NPN for rummant ammals. Subsequently, many 

workers studied the rummal metabolism of NPN compounds, particularly urea. 

Urea is readily hydrolyzed to ammoma m the rumen (Pearson and Smith, 1943; 

Jones, 1967) and ammoma is the predominant mtrogen source used by rumen 

bacteria for protein synthesis (Bryant and Robinson, 1962). Therefore, dietary 

urea N or urea recycled to the rumen directly from the bloodstream (Houpt, 1970) 

or via saliva (Bartley, 1976) contributes ammoma-N for the synthesis of microbial 

protein. 

With ammals fed typical diets, an average of 10% of total nitrogen supply 

reaches the rumen VIa salivary mtrogen recycling (Bartley, 1976). He estimated 

that a 700 kg cow consummg a hay and gram diet recycles 30 to 80 g of nitrogen 

each day. Urea mtrogen totals some 75 to 85 % of the salivary mtrogen of cattle 

(Phillipson and Mangan, 1959; Bailey and Balch, 1961). Experiments with sheep 

have demonstrated that salivary urea mtrogen concentration is correlated with 

rumen ammonia concentration (Lewis, 1957), blood urea concentration, mtrogen 

mtake (Somers, 1961b), and saliva secretion rate (Somers, 1961a), whereas total 

saliva production IS related to the amount and type of feed consumed. Only 15% 

of total urea entermg the rumen was salivary urea; this mdicates that the entry of 

urea from the blood IS the more Important. 
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Jones et al. (1964) found that 35% of the bacteria Isolated from the rumen 

of sheep fed urea, barley, and hay produced urease. No urea-producing bacteria 

were isolated and protozoa appeared to have little, if any, urease activity. More 

recently, John et al. (1974) isolated an ureolytic stram D of Selenomonas 

ruminantium from rumen fluid. Urease production by these bacteria mcreased 

when the medium contamed lower concentrations of ammania-N; however, urease 

production was repressed when large amounts of urea were mcluded m the growth 

medium. Houpt (1970) observed greater transfer of urea mto Pavlov pouches 

contaminated with rumen microorganisms than mto rmsed, sterile paunches, and 

suggested that urease Withm the rumen epithelium may aid m transfer of urea 

from the blood to the rumen. 

Canadian workers (Cheng and Costerton, 1980) mtroduced the concept of 

considermg rumen microorganisms as existing m three phases: the fluid phase, 

attached to feed particles and adherent to the rumen epithelium. Investigators m 

rumen microbiology have Isolated a distmct flora inhabiting the rumen epithelium 

(Bauchop et al., 1975). This facultatively anaerobic flora appears to have become 

specialized m digestmg exfoliatory epithelial tissue and hydrolyzing urea and 

appears to be mdependent of the substrate fermenting m the rumen. This 

bacterial population may also assist m controlling recyclmg of urea VIa the 

blood. Cheng and Wallace (1979) demonstrated that urease activity was greatest 

when the ammonia concentration was low and decreased as rumen ammonia 

concentration mcreased. The urease actiVIty may assist m increasmg recycling of 

urea durmg periods of low dietary protem mtake. The faster urea IS hydrolyzed to 

ammonia, the greater the concentration gradient across the rumen wall. More 

urea from the blood can be recycled under conditions where N IS limited for the 

rumen microorganisms. 
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Microbial Metabolism in the Rumen 

Proteins entermg the rumen are catabolized to peptides, amino acids, and 

ammonia at rates largely dependent on protem solubility (Hendrickx and Martin, 

1963; Smith, 1975). Protem digestion occurs by cell-bound bacterial proteases and 

following protozoal engulfment of particles (Sutherland, 1976). Proteolytic 

rummal bacterial include species of Bactermdes, Selenomonas and Butyrivibrio 

although no single species IS particularly actIve (Bryant, 1977; Chalupa, 1978). 

Rummal proteases degrade protems to peptides and ammo acids to ammoma. Cell 

growth, and thus the synthesis of bacterial protein, Is usually limited by the 

availabihty of energy for rumen bacteria. Consequently, substrates must be in 

close proximity to bacterial cells for hydrolysis and rates of proteolysis are 

positively related to bacterial cell numbers (Hogan and Hemsley, 1976). Having 

proteases cell bound aids uptake of products of proteolysis for cell growth. 

Though the protease of Bacteroides amylophilus is cell-bound (Blackburn, 1968), 

this species does not use end products of proteolysis. Pure cultures use ammonia 

as the predominant mtrogen source for synthesis of protem (Bryant and Robmson, 

1962; Abou-Akkada and Blackburn, 1963). In the rumen, some species of bacteria 

use small quantities of peptides and ammo acids that are available, but the 

maJority can survive with ammoma from catabolized peptides and ammo acids as 

their sole source mtrogen source (Allison, 1970; Bryant, 1977). 

Proteolytic protozoa mclude species of EntodmiUm, Isotrichia, 

Eudiplodimum, and Ophryoscolex (Allrson, 1970). Engulfed bacterial cells are the 

maJor source of mtrogen for protozoa. Bacterial protems are hydrolyzed to free 

ammo acids whrch are Incorporated mto protozoal protem (Coleman, 1967; Wallis 

and Coleman, 1967). The relative contribution of protozoa and bacteria to 

rum mal proteolysis IS directly related to their biomass m the rumen. Factors 

affectrng the rate of proteolysis include rummal pH and temperature, time 
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available for reaction, concentration of enzymes and substrates, and the presence 

of inhibitors (Hogan and Hemsley, 1976). 

Controversy exists whether deammation or proteolysis is the rate-limiting 

step In protem degradation. Early Investigations by Anmson et al. (1959) and 

Lewis (1962) suggested that amino acids rarely accumulate m the rumen, even 

following feedmg large amounts of digestible protem. In contrast, Leibholtz 

(1965), DemeiJer and Van Nevel (1967) and HendriCkx et al. (1972) reported that 

free ammo acids can be detected shortly after feeding and Russell and Martin 

(1984) recently suggested that peptides are extensively used by rummal bacteria. 

Nitrogen Products Leavmg the Rumen 

Protem entering the rumen may be metabolized by microorganisms or passed 

to the lower digestive tract unaltered. The three predominant nitrogen-containing 

fractions leaving the rumen are microbial protem, undegraded feed protein and 

endogenous protein. A number of techmques have been used to differentiate 

between microbial and undegraded feed protem (Smith, 1975). Estimates of 

microbial protein vary by 10 to 36% depending on the microbial marker chosen 

(Theurer, 1979). 

Fractionation procedures to distmguish between microbial and feed protein 

generally rely on specific compounds or markers found only m microbes. Common 

microbial markers Include: nucleic acids (McAllen and Smith, 1969), 

diammopimehc acid (Czerkawski, 1974), ammoethylphosphoric acid (Czerkawski, 

1974), 32P (Smith et al. 1978), 35s (Kennedy et al., 1980), total purmes (Zinn and 

Owens, 1982) and D-alamne (Garrett et al. 1982). 

From numerous studies where these different methods were employed to 

assess the proportion of microbial nitrogen reaching the proximal duodenum of 

rummants fed a vanety of diets, It was concluded that 40 to 80% of total nitrogen 
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reachmg the lower gut ts of mtcrobtal ortgin (Smtth, 1975). Several reviews 

(Smtth, 1975; Czerkawski, 1978; Stern and Hoover, 1979; Bergen et al., 1982; 

Schellmg et al., 1982; Theurer, 1982) have compared the esttmates of microbtal 

protem based on a number of microbtal markers. Though vartability is high, no 

smgle marker appears more useful than the others and each has advantages and 

dtsadvantages. 

By difference between duodenal non-ammoma-N flow and mtcrobtal N, flow 

of feed protem from the rumen can be calculated. Extent of degradation of 

protem m the rumen ts dependent on several factors, the most tmportant of whtch 

are protem solubility and retentton ttme (Satter et al., 1977). The amount of most 

feed proteins degraded m the rumen ranges from 30 to 80% with 60% being a 

reasonable average (Chalupa, 1975; Satter and Roffler, 1975; Sutherland, 1976) as 

shown in Table 1. From the metabolizable protein scheme of Satter and Roffler 

(1975) an estimate of 62% can be derived. 

Numerous research studies have been conducted to determme the effect of 

diet on the relative proportton of nitrogen that leaves the rumen as microbial 

mtrogen, as undegraded plant protem, and by diffuston across the rumen wall. The 

challenge has been to mimmtze degradation of protem m the rumen without 

decreasmg microbial protem synthesis and thereby to increase the total amount of 

dietary protem reachmg the lower gut (Chalmers et al., 1954; Tagari et al., 1962; 

Rets and Tunks, 1969). 

Several techmques can be used to mmimize degradatton of mtrogenous 

compounds m the rumen and to increase rumen bypass of ammo acids or protein. 

These rnclude selection of high escape rngredients, phystcal processrng, heat or 

chemical treatment, and post-rummal rnfuston of protem (Bull, 1981). If animal 

performance rncreases when these techmques are used, the response can be 

attributed to one or more of the followmg: 1) an mcreased quantity of total 
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Table 1. TENTATIVE ESTIMATES OF UNDEGRADED PROTEIN FOR COMMON FEEDSTUFFS 
WHEN TOTAL DRY MATTER INTAKE IS IN EXCESS OF 2 PERCENT OF BODY 
WE I GHTa 

Feed 

Feed grains 

Barley 
Corn 
Sorghum grain 

0 i I mea Is 

Cottonseed mea I 
(solvent) 

Cottonseed meal 
(prepress) 

Cottonseed meal 
(screw press) 

Linseed mea 1 
Peanut meal 
Rapeseed meal 
Soybean meal 
Sunflower meal 

By-product feeds 

Blood meal 
Brewers dried 

grains 
Corn gluten meal 
Distillers dried 

grains 
Fish meal 
Meat meal 
Meat and bone meal 

Forages 

Alfalfa hay 
Alfalfa 

(dehydrated) 
Bromegrass hay 
Corn s i 1 age 
Timothy hay 

Number of 
Measurements 

2 
3 
8 

6 

2 

2 
1 
2 
1 

10 
2 

5 
3 

2 
4 
1 
2 

4 

3 
2 
1 
2 

Mean Fraction 
of Undegraded 

Protein 

0.21 
0.65 
0.52 

0.41 

0.36 

0.50 
0.44 
0.30 
0.23 
0.28 
0. 24 

0.82 

0.53 
0.55 

0.62 
0.80 
0.76 
0.60 

0.28 

0.62 
0.32 
0.27 
0.42 

Standard 
Deviation 

0.07 
0.06 
0. 15 

0. 12 

0.02 

0.07 

0.08 

0.14 
0.05 

0.14 
0.06 

0.07 
0. 12 

0. 1 1 

0.08 

0.04 
0. 12 

0 • 11 

aNational Research Council. 1985. Ruminant Nitrogen Usage. National 
Academy of Sciences National Research Council. Washington, D.C. 
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amino acids reachmg the duodenum (Sharma et al., 1974), 2) reduced mtrogen loss 

due to decreased urinary excretwn of urea (Reis and Tunks, 1969), 3) greater 

quantities of llmiting ammo acids available for absorption m the small mtestine 

(Clark, 1975a), 4) an mcreased supply of carbon for gluconeogenesis (Clark, 

1975a), 5) higher quality protems reaching the duodenum (Little and Mitchell, 

1967), or 6) changes in hormonal status (Clark, 1975a; Ferguson, 1975). 

Protein Degradatwn Rate 

In 1972, Mangan rnfused casem and casem hydrolysate .!!2 VIVO and 

demonstrated that deaminatwn was more rate-hmiting than proteolysis rn protem 

degradation of a soluble protem. Whether deammatwn or proteolysis is rate­

limitmg m protein degradation depends upon mdependent factors affectmg rumen 

nitrogen metabolism, such as rate of degradation of dietary protem, rumen pH, or 

dietary energy level. 

The extent of mtrogen degradation occurrng in the rumen IS a functwn of 

rate of protem degradation and retention time (rate of passage of protem out of 

the rumen). Pichard and Van Soest (1977) established a model for protein 

degradatwn which separated protem rnto three fractions based on rate of 

breakdown. The A fractwn contarns rapdily solubillzed non-protem nitrogen; the 

B fractwn IS subdivided mto two or more categories: rapidly degraded and more 

slowly degraded protem; and the C fraction IS undegraded Indigestible protein. 

Protem solubility rn the rumen was considered to be the most Important 

factor affectmg rate of protem degradation by these and certam other workers 

(Hendrickx and Martm, 1963; Smffen, 1974). Solubilities of protem sources are 

partially determmed by the specific classes of protem present. Feeds with the 

maJOrity of total protem berng albumrn and globuhn are more soluble whereas 
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feeds with greater amounts of glutelin and prolamme are less soluble (Wohlt et al., 

1976). 

Essentially all soluble mtrogen and only soluble protein was Imtially believed 

to be degraded in the rumen (Mertens, 1977). Current evidence mdicates that 

nitrogen solubility under-predicts the extent of mtrogen degradatwn m the rumen 

though these measurements are usually correlated (Wohlt, 1973; Smffin, 1974; 

Zinn et al., 1981). Generally speakmg, the greater the solubility m rumen fluid, 

the more readily a feed component is degraded in the rumen. However, certain 

soluble protems may resist attack. Mangan (1972) reported that ovalbumm, 

though highly soluble, is slowly degraded m the rumen. Ovalbumm IS resistant to 

exopeptidase attack due to the cyclical arrangement of Its polypeptide cham so 

ovalbumin lacks carbon or nitrogen termmal ammo acid residues. 

Mahadevan et al. (1980) reported that soluble and insoluble protems of 

soybean meal (SBM) were hydrolyzed at equal rates by a protease isolated from 

Bacteroides amylophilus. These researchers also reported that soluble proteins of 

soybean meal, rapeseed meal, and casem were hydrolyzed at different rates by the 

protease though differences m extent of digestion were very small. It has been 

reported by Van der Aar et al. (1982) that soluble protems of soybean meal treated 

with alcohols had lower rates of .!!2 VItro degradation as compared With soluble 

protems of control soybean meal. In contrast to the report of Mahadevan et al. 

(1980), m VItro degradation rates of soluble and msoluble protems of control ---
soybean meal were not equal m other studies. Bull et al. (1977) summarized the 

relatwnship between solubility and degradabihty by statmg that, while the ability 

of a protem to be solubilized m the rumen IS related to rumen degradation, 

solubility does not ensure degradation, nor does msolubihty mfer that a protem IS 

not degraded. 
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Protein structure also plays a role m rummal protein degradation. Disulfide 

bridges, crosslinking, and helical structures appear to decrease protein 

degradation (Nugent and Mangan, 1978; Mahadevan et al., 1980). Altering the 

protem structure by alcohol treatment (Van der Aar et al., 1982), altering the 

protem structure by heatmg (Tagari et al., 1962; Sherrod and Tillman 1964; Glimp 

et al., 1967), or complexmg amino groups with aldehydes (Hatfield, 1973) reduced 

protein degradation m the rumen. 

Rumen pH alters both protem solubility and microbial proteolysis. Clark 

(1975a) stated that proteins were least soluble at their Isoelectric pomt due to 

lack of a net charge and electrostatic repulsion between protein molecules. 

Fontaine and Burnette (1944) and Wohlt et al. (1973) reported that a low pH 

reduced protein solubility of many common protem supplements. Blackburn and 

Hobson (1960), and Lewis and Emery (1962) reported that the optimum pH for 

bacterial proteolysis and deaminat10n was between 6 and 7. Russell et al. (1979) 

studied the effect of pH on the growth rate of five pure cultures of rumen 

bacteria. The rankmg of the species with respect to growth rate was pH 

dependent, suggesting that pH may mfluence competition among bacterial species 

m the rumen. 

Neudoerffer et al. (1971) compared rummal protem degradation by cows fed 

high corn diets With that by cows fed high forage diets. They found protein 

degradation to be lower for the high corn treatment, but It was impossible to 

determme whether the response was due to low rumen pH on the high corn diet or 

the Inherently lower degradation of corn protem. 

The maJority of the work conducted concermng the mfluence of pH on 

protem degradation has used .!!l situ and .!!l VItro techmques. Okeke et al. (1983) 

using .!!l situ techmques, suspended nylon bags contammg soybean meal In the 

rumen of steers fed concentrate diets supplemented with various levels of buffers 
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to alter rumina! pH. They concluded that there was a strong correlation between 

rumina! pH 4 h post-feedmg and mtrogen disappearance from soybean meal 

suspended In the rumen for 24 h. In the m situ work by Loerch et al. (1983), cows ---
were fed NaOH treated corn or high mOisture corn. Sodium hydroxide treated corn 

maintained a higher rummal pH while rummal pH decreased with high moisture 

corn m the diet. Protem degradation of varwus protein sources was measured 

usmg .!.!:!. situ techmques. Corn treatment and level had an affect on rates of N 

disappearance. Disappearance rates from soybean meal and dehydrated alfalfa 

meal were affected more by pH than rates from blood meal, corn gluten meal or 

bone meal Because both .!.!:!. vitro and.!.!:!. situ solubility and degradation of soybean 

meal were reduced at a low pH, whereas in VItro solubility and in situ degradation 

of bluod meal and corn gluten meal were low and relatively unchanged by pH, 

these workers concluded that protem solubility had more Impact on rumina! 

degradation than did alteration in the bacterial population or proteolytic activity. 

The second main factor that alters extent of rumina! protein degradation is 

rate of N passage out of the rumen. This factor is most Important with proteins 

whose retention time permits miCrobial fermentatiOn to be prolonged. Reducing 

food particle size, increasmg mtake level or frequency of feedmg, and rate of 

fermentation were reported by Balch and Camplmg (1965) to decrease rummal 

retention time. Increasmg feed mtake mcreases flow of undegraded protem out of 

the rumen (Mertens, 1977; Tammmga, 1979; Zmn and Owens, 1983). Increased 

protein escape was reportedly due to a reduced rummal retention time. However, 

rumen pH was not reported m these studies and It IS possible that, With higher 

feed mtakes, rumen pH also was depressed. Reduced pH should reduce rummal 

protem degradation. Feedmg or mfusmg buffers such as sodium bicarbonate or 

mineral salts has been shown to increase rumen fluid dilution rate (Thomson et al., 

1975; Rodgers et al., 1979). This could mcrease flow of undegraded protem out of 
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the rumen provided other factors such as increased pH do not alter rate of protem 

degradation. Increased passage rate mcreases effiCiency of microbial growth both 

.!.!l VItro and .!.!l ~· This is well documented m reviews by Hespell and Bryant 

(1979) and Harrison and McAllen (1980). However, the effect of passage rate on 

proteolysis m the rumen or flow of bacterial N out of the rumen has not been 

measured directly. 

Methods for Measurmg Protem Degradation 

and Solubility 

Several rapid, mexpensive methods have been developed to mdirectly 

estimate the extent of rummal protem degradation. These techniques (Buttery 

and Cole, 1977; Oldham, 1977) avOid the problems associated with measuring 

degradation directly by use of microbial markers and animals prepared with 

abomasal or duodenal cannalae, but most of these procedures remam to be tested 

agamst in ..Y.!YQ. escape values. 

Solubility of protein by extraction m some solvents 1s one common procedure 

for evaluation of feedstuffs since generally solubility IS positively correlated with 

rummal protem degradation. Although autoclaved rumen fluid has been proposed 

as the standard to which other solvents have been compared, recent research 

(Wohlt et al., 1973; Crooker et al., 1978) has attempted to Identify a solvent that 

extracts similar quantities of soluble protem, IS more umform m composition, and 

can be obtamed more easily. Wohlt et al. (1973) compared Burroughs mineral 

buffer diluted to 10% w1th distilled water to autoclaved rumen fluid and found 

similar quantities of mtrogen were extracted from purified proteins by both 

solvents. Because this mmeral buffer IS difficult to prepare, has a short shelf life, 

and has a high background level of mtrogen, Crooker et al., (1978) mvestigated 

alternative solvents. In addition to autoclaved rumen fluid and Burroughs mmeral 
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buffer, 0.15 M NaCl, a modified Burroughs solution which substituted Na2so4 for 

(NH4)2so4 on an equimolar basis, and McDougal's artificial saliva were 

exammed. No significant difference was found among the mean quantities of 

nitrogen extracted by either the Burroughs mmeral buffer, autoclaved rumen fluid 

or sodium chloride. There was a high correlation (r = .93) between the amount of 

protein extracted by sodium chloride and that extracted by the Burroughs 

solvent. Dilute NaOH (0.02 N) also has been used as a solvent (Little et al., 1963; 

Craig and Broderick, 1978) but extracts greater quantities of soluble protein than 

other solvents. Craig and Broderick (1978) demonstrated a high correlation (r = 

0.97) between protein solubility m NaOH and .!!!. vitro cottonseed meal protein 

degradation estimated by kmetic studies. Other solvents that have been used 

include water (Little et al., 1963; Goermg and Waldo, 1974), 0.2 M phosphate 

buffer (MacRae, 1976), 0.1 N HCl solution (Brady, 1960), ethanol (Brady, 1960) and 

borate-phosphate buffer (Krishnamoorthy et al. 1982). 

The quantity of protem extracted from feeds depends on the degree of 

agitation and length of extraction time as well as solvent temperature, pH, 

chemical composition, and 10mc strength. Solubility of feedstuff protein in one 

solvent may be unrelated to solubility m another solvent (Little et al., 1963; 

Crooker et al., 1978; Waldo et al., 1979) possibly because of varymg inter- and 

Intramolecular forces actmg between the protein and ions of each solvent 

(Crooker et al., 1978). 

Another procedure used to predict .!!!. .Y!.Y.Q_ protem degradation IS to measure 

ammoma accumulation after mcubation .!!l VItro With rumen fluid. Thrs techmque 

often underestimates .!!l .Y!.Y.Q_ degradatron because of ammoma uptake to support 

microbial growth. This IS especially apparent with rapidly fermented feeds m 

which ammoma concentratrons .!!!. VItro decrease rather than increase (Annison et 

al., 1954). Failure of this method to consider rummal retention trme limits Its 
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usefulness to predict.!.!:!. vivo degradation. 

Disappearance of protem from dacron bags suspended in the rumen has been 

used to estimate rumen degradation of feed protems (Mathers et al., 1977; Mehrez 

and ¢rskov, 1977; Mohamed and Smith 1977; ¢rskov and Mehrez 1977; Crawford 

et al., 1978; Stern et al., 1978; ¢rskov and McDonald, 1979). Maximum protein 

degradation in the rumen has been assumed to be that reached when 90% of the 

digestible dry matter of the feed has dtsappeared from the dacron bag c¢rskov and 

Mehrez, 1977). 

Mathers et al. (1977) used a variety of protem supplements and compared 

mtrogen disappearance from dacron bags to rummal protem degradation obtamed 

from measurements of nonammoma mtrogen flow to the small intestine. 

Disappearance values after 4 to 6 hours of incubation gave similar estimates of 

protein degradation to those obtained measurmg nonammonia mtrogen flow. 

However, dry matter disappearance from the bags at this time ranged from 15 to 

80% depending on the supplement. 

To obtam accurate estimates of .!.!:!. .Y!.Y.Q_ degradation, both rate of 

degradation and rummal retention time of the feed particle must be known. 

Plotting the log of the proportion of mtrogen survivmg m the dacron bag versus 

time mdicates that mtrogen disappears from the bag at two rates, one 

corresponding to wash out or physical loss from the bag and the other to digestion 

of a slowly degraded fraction (Mohamed and Smith, 1977). Disappearance of 

mtrogen durmg a short mcubation period (1 to 2 h) period presumably measures 

mtrogen solubility while loss at longer mcubation times corresponds to microbial 

degradation of protem. Recently, estimates of protem degradation m the rumen 

have been calculated usmg rates of mtrogen disappearance obtamed from dacron 

bags together with rumen retention time C¢rskov and McDonald, 1979). Soybean 

meal was coated With sodium dichromate to estimate rate of passage of the 
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supplement. An estimate of 71% rumen degradat10n was measured .!I!. vivo. It was 

calculated that a rummal retention time of 12.5 hours when combined with 

rumina! degradation rate ytelded the appropriate value (71 %) for degradation of 

soybean meal. 

Factors affectmg protem disappearance from dacron bags include pore size, 

bag size, sample size, and particle size of the tested feedstuff (Mehrez and 

¢rskov, 1977; Van Hellen and Eilts, 1977; Crawford et al., 1978). Various 

synthetic fiber materials wtth pore sizes rangmg from 5 microns to 150 mtcrons in 

diameter have been utilized (Van Hellen and Ellis, 1977; Crawford et al., 1978; 

Stern et al., 1978; Nocek et al., 1979). Small pore sizes inhibit protozoa from 

entermg the bag while large pore sizes allow finely ground particles to pass out; 

therefore, a balance must be chosen m selectmg a pore stze. A large sample size 

to bag surface ratio limits disappearance of feed material (Uden et al., 1974; Van 

Hellen and Ellis, 1977; Mehrez and ¢rskov, 1977). A critical ratio of sample size 

to bag size, which when exceeded limits disappearance, varies according to type 

of feed bemg fermented. 

Protem Degradation Versus Protem Solubility 

Determimng the degradation of various protem sources m the rumen using 

microbial markers and re-entrant cannulated animals requires a large mput of 

labor, money, and time. Even .!!l Situ studies require access to cannulated 

ammals. Therefore, other laboratory procedures which yield results which are 

mdicati ve of degradation, have been sought. Protem solubility m mineral 

solut10ns has been suggested to be correlated with protem degradation in the 

rumen (Hendrickx and Martm, 1963; Mertens, 1977; Satter et al., 1977) and has 

been developed for evaluation of feedstuffs. In Table 2 estimates are provided for 

rummal degradation and protem solubility of feeds in various solvents. A 
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Table 2. ESTIMATES OF DEGRADABILITY AND SOLUBILITY OF PROTEIN IN 
SELECTED FEEDSTUFFSa 

Ingredient 

Concentrates 

Casein 
Cottonseed meal 
Soybean meal 
Peanut meal 
Sunflower seed meal 
Fish meal 
Bar! ey 
Corn grain 
Corn grain: 

Steam flaked 
Dry rolled 
Acid treated 
High moisture 
Formaldehyde treated 

Forages 

0 
0. 2% 
0.3% 

Alfalfa hay 
Red clover 

Immature 
Wi 1 ted 
3 wk pes twi 1 ted 
Dry mature 
Dried, pe 11 e ted 

Dried grass 
Grass silage, unwilted 
Corn si !age 

aClark and Crooker (1979). 

Rumina I 
Degradation 

% 

90 
(60)' (80) b 

39, (55)' (60) 
63' (78) 

(75), 81,72 
10, 29, (31)' (60) 
(40)' (72)' (90) 

(40) 

32, 35 
42, 42 

20 
44 

73 
29 
4 

32-46, 58, 59, 60 

66, 73 
45 
53 
43 
40 

(50) 
85 

(40) 

bValues in parentheses are gross estimates. 

Solubility 
% 

93 
7 

13, 6-20, 13-20 
40' 11-37 

30' 24-34' 30-34 
11 
17 

12,2-11, 15 

8 
12 
15 
64 

16 
4 
3 

23, 24-33, 26-28 

22-30' 26-28 

21-27 
23-61 
26-68 
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correlation of approximately 0.45 between degradation and solubility Illustrates 

that these two factors are not highly correlated across feedstuffs. Cottonseed 

meal and soybean meal are readily degraded but quite insoluble. Although rumina! 

degradation of casem was approximately equal to Its solubility, protem 

degradation exceeded protem solubility for all other feeds. One exception was 

ovalbumm which IS extremely soluble yet very slowly degraded m the rumen 

(Mangan, 1972). 

For common feedstuffs a correlation coefficient of 0.66 was observed 

between protem solubility after a 1 h mcubat1on m 10% Burrough's solution and 

nitrogen disappearance from dacron bags suspended in the rumen for 2 h 

(Crawford et al., 1978). This IS not surprising smce protem will be solubilized out 

of dacron bags. These correlations were Improved if the feeds were divided into 

concentrate, hay and silage groups. Protein solubility also has been correlated to 

in vitro ammoma release. Hendr1ckx and Martm (1963) have shown that ammonia 

release from purified proteins after 6 h was positively correlated (r = 0.99) to 

mtrogen solubility in 10% Burroughs solution. Usmg various feedstuffs, other 

workers (Little et al., 1963; Crooker et al., 1978) have not demonstrated as close a 

relationship of ammoma production at various mtervals of mcubation w1th 

solubility m several different solvents. Differences among feeds m the amount of 

fermentable carbohydrate may be responsible for the absence of a consistent 

relat10nsh1p m such studies. 

P1chard and Van Soest (1977) suggested that protems could be divided mto 

four general categories based on solubility and kmet1c studies. These mclude a 

soluble protein and NPN fraction, two msoluble fractions, one of which IS rapidly 

degraded and another which IS slowly degraded, and an unavailable fractiOn. It 

seems reasonable to assume that most soluble protem is degraded. Kmet1c studies 

mdicate that most msoluble mtrogen does not escape degradatiOn. The ratio of 
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the three insoluble fractions, along with their retention times, will influence how 

closely protein solubility and degradation of a feed are related. 

Estimates of rumen degradation of slowly degraded proteins have been 

reported. These estimates are: meat meal (23-30%), blood meal (18-29%), 

dehydrated alfalfa (34-63%), corn gluten meal (38-54%) and dried distiller's grams 

(39-52%) (Waller, 1978; Merchen et al., 1979; Zinn et al., 1981; Loerch, 1982). 

Rapidly degraded protein sources such as SBM have been reported to be 71-85% 

degraded m the rumen (Zinn et al., 1981; Loerch, 1982). If degradation is 

calculated as rate of passage from the rumen divided by rate of passage plus rate 

of degradation in the rumen (Broderick, 1978), feedmg of slowly degraded protein 

will mcrease dietary flow to the small mtestme compared to feedmg SBM. This 

calculation assumes that rate of degradation within the rumen is not Influenced by 

adaption of microbes to a protem source as suggested by Loerch (1982). 

Methods of Rumina! Protein Protection and 

Their Application 

Several physical and chemical treatments have been used to protect proteins 

and Individual ammo acids from degradation in the rumen. These methods and 

their effectiveness have been reviewed by Broderick (1975), Chalupa (1975) and 

Clark (1975b). The most widely researched method for mcreasmg rummal protem 

escape has been heatmg. Tagar1 et al. (1962) reported that heatmg improved the 

nutritional value of soybean meal for sheep by reducmg rumen ammonia levels and 

urmary N output and mcreasrng N retentiOn. 

If rumrnal protem protection IS to be effective, the protem or ammo acid 

must either be denatured (protem) or chemically bound (ammo acid) to a carrier 

such that rate of degradation m the rumen is reduced. The denaturation or 

chemiCal bondmg to a carrier must be reversible at the acid conditions of the 
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abomasum or the material w1ll pass from the animal undigested. Of the methods 

used to protect protems, the application of heat is most widely used m feed 

processing. Research has been reported on the influence of autoclavmg and 

bakmg various protem sources, primarily soybean meal and cottonseed meal 

(Oanke et al., 1966; Ghmp et al., 1967; Hudson et al., 1970; Nishimuta et al., 1972; 

Sherrod and Tillman, 1962; Thomas et al., 1979b). 

Protem sources such as blood meal, corn gluten meal and meat meal as 

produced commercially are extensively heated to dry the material for storage and 

handling. Processmg of SBM also mvolves use of heat during the imtial flakmg of 

the beans (pre-extraction) and in the final stages for solvent reclamation. Soy 

flakes after 011 extraction contam approximately 35% hexane, 8% water and 1% 

oil (Mustakas, 1980). Heat IS used to remove the hexane, but only low levels of 

heat are required smce hexane has a boiling range of 63-69C (Mustakas, 1980). 

Th1s heatmg process IS sufficient to inactivate most of the trypsin mhibitor 

present m raw soybeans (Mustakas, 1980) but It may not be sufficient to protect 

soy protem from rummal degradation. 

Fmley and Friedman (1973) reported that heating mcreased crosslinkmg 

Withm and between protem molecules. Crosshnkmg Is the result of reactions 

between the epsilon-ammo group of lysine and either carbonyl, carboxyl or amide 

groups (Bjarnason and Carpenter, 1970; Broderick, 1975; Ferguson, 1975). 

Broderick (1975) suggested that this chemiCal modification decreased extent of 

microbial proteolysis in two ways: (1) the soluble fraction of the protein will be 

reduced and less protem will be available for microbial hydrolysis and (2) the 

enzyme reactive sites on the protem will be blocked by chemiCal rearrangement 

of the protem. Mahadevan et al. (1980) reported that disulfide crosslinkmg m 

protems was responsible for decreased rummal degradation, probably due to 
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blockmg of enzyme reactive sites. Whether disulfide crosslinking occurs with 

thermal denaturation Is not known. 

Thermal or heat denaturation is reversible If conditions are appropriate and 

denaturation Is not too severe (Lehmnger, 1975). Heat denaturation is a problem 

in processed feeds when protems are heated m the presence of carbohydrates. 

This results m the formation of Schiff bases (Broderick, 1975) or the Maillard 

reaction. The Maillard reaction between a free ammo group and the aldehyde 

group of a reducmg sugar has been implicated to be resistant to enzymatic 

digestion (Pichard and Van Soest, 1977). 

The extent of heat damage of protem can be estimated by analyzmg feeds 

for acid pepsm msoluble nitrogen (APIN) or acid detergent msoluble mtrogen 

(Goering and Van Soest, 1970; Pichard and Van Soest, 1977). The ADIN fraction 

includes N chemically bound to ligmn or cellulose plus N in Maillard products. 

APIN also has been suggested as a measure of unavailable N (Goering and Van 

Soest, 1970). This procedure simulates conditions m the abomasum and should 

provide a more reliable estimate of total N unavailable for digestion smce it 

measures both N resistant to enzymatic degradation plus that bound to the acid 

detergent fiber (ADF) of feeds. 

ChemiCal treatments which have been employed to reduce rummal protein 

degradation mclude formaldehyde, alcohols and tanmns. Formaldehyde treatment 

has been used most frequently and reacts with free ammo groups of lysine and N­

termmal ammo acid residues formmg Schifrs bases and methylene cross lmks 

between peptide chams (Fraenkel-Conrat and Olcott, 1948; Broderick, 1975). 

These bonds reduce solubility of protems and are stable m the rumen. This bmdmg 

IS reduced under the more acidiC environment of the abomasum which allows some 

of the bound protem to be digested m the small intestine. Some chemiCal bonds 

with lysme may be permanent. 
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Tannins also have been used to render prot ems resistant to degradation in 

the rumen. Hydrolyzable tanmns form reversible cross-links With protems by 

hydrogen bonding (Mcleod, 1974; Ferguson, 1975). Such protein-tannin complexes 

have reduced susceptibility to deammation by rumen microorganisms but are 

unstable at gastric pH (Van Buren and Robinson, 1969; Driedger and Hatfield, 

1972). 

Heat-treatment can also alter degradation of protem m the rumen. Heatmg 

hexane-extracted SSM reduces the amount of SSM which IS soluble m rumen fluid 

and most other solvents (Sherrod and Tillman, 1962; Tagari et al., 1962; Little et 

al., 1963; Glimp et al., 1967; Hudson et al., 1970; Schmgoethe and Ahrar, 1979; 

Thomas et al., 1979a). Protem solubility has been correlated positively with 

rumen degradation (Crawford et al., 1978; Crooker et al., 1978; Poos-Floyd et al., 

1985). These Investigators exammed several solvents and correlated solubility to 

in vitro degradation. However, Mahadevan et al. (1980) demonstrated that soluble 

protems are degraded at different rates and to different extents by an Isolated 

bacterial protease, so protein solubility alone may be msufficient as a predictor of 

total rumina! degradation. Mahadevan's work may be questionable smce only very 

low percentage of the test proteins were actually degraded by the isolated 

protease. Usmg his value of 6.5 mmoles of amino acids bemg equal to 1 mg 

protem, the percentage of serum albumm degraded was only .86% of that 

mcubated with protease isolated from BacterOides amylophilus. Mangan (1972) 

demonstrated that ovalbumm, a soluble protem, resists degradation m the rumen, 

probably because of Its cyclic structure which reduces attachment to rumina! 

microbes which must precede protease attack. Zmn et al. (1981) measured the 

flow of protem to the small mtestme from protem sources with solubilities m a 

saline solution (10 - 27% soluble N). Rumina! degradation ranged from 30 to 85% 

and was not correlated With solubility. Thus, solubility of a protein must be used 
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cautiously m predicting rumen degradation across various sources of protem. But, 

w1thm a protein type, solubility may predict relat1 ve rumina! digestion. 

Effect of Altermg Protem Solubility on Milk 

Production by Dairy Cattle 

The response of ruminant ammals to diets of various protem solubilities and 

the techniques used to alter solubility have been reviewed previously (Broderick, 

1975; Chalupa, 1975; Clark, 1975a; Ferguson, 1975; Huber and Kmg, 1981; Santos 

et al., 1984). Common methods which have both reduced protem solubility and 

elicited responses in nitrogen metabolism mclude formaldehyde treatment (Reis 

and Tunks, 1969; Peter et al., 1971; Spears et al., 1979; Pankhurst et al., 1980; 

Crooker et al., 1983; and Brookes, 1984), heat treatment (Sherrod and Tillman, 

1962; Tagari et al., 1962; Beever et al., 1976; Ahrar and Schmgoethe, 1979; 

Broderick and Craig, 1980; Mielke and Schingoethe, 1981; Block et al., 1981; 

Netemeyer et al., 1982; Kung et al., 1983; Vicente et al., 1984; Sahlu et al., 1984; 

Yang et al., 1984; and Stern et al., 1985) and formulating diets based on 

components with low solubility (Wohlt et al., 1976; Majdoub et al., 1978; Nocek et 

al., 1979; Grieve et al., 1980; Cowan et al., 1981; f6rskov et al., 1981; Grummer et 

al., 1982; Kung and Huber, 1983; Van DIJk et al., 1983; Castle et al., 1983; Erdman 

and Vandersall, 1983; Ha and Kennelly, 1984; Santos et al., 1984; Higgenbotham et 

al., 1984; Vandersall and Erdman, 1984). Generally, nitrogen retention has 

increased when solubility of protems fed to rummant ammals has been reduced 

(Sengar and Mudgal, 1983; Kung et al., 1984; and Santos et al., 1984). Often, 

treatments will mcrease the quantity of N excreted m feces, but this loss 1s 

usually over-compensated by reduced nrtrogen excretion by the kidneys (Sengar 

and Mudgal, 1983). 
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Most research concerning ammal responses to diets varying In protein 

solubility have used rummant animals other than lactating da1ry cows. With 

lactating cows, feeding formaldehyde-treated soybean meal (Satter et al., 1970; 

Clark et al., 1974) or casem (Wilson, 1970; Broderick and Lane, 1978) did not alter 

milk production or milk composition. In contrast, formaldehyde-treated proteins 

Increased wool growth (Ferguson, 1975) and weight gains In young rummants 

(Fa1chney, 1971; Clark, 1975; Spears et al., 1979; Tammmga, 1979; Thomas et al., 

1919b; Spears et al., 1980). 

Clark et al. (1974) observed that treating soybean meal With 0.9% wt/wt 

formaldehyde reduced protein digestibility In the rumen. But, 1f the level of 

formaldehyde treatment 1s excessive, the formaldehyde-protem linkages may not 

be cleaved under the acidic conditions of the abomasum and protein may not 

become available for digestion and absorption In the small intestine. Reduced 

digestibility of casein treated w1th 0.8% formaldehyde (wt/wt) also may have 

prevented response in the tnal of Broderick and Lane (1978). Ha and Kennelly 

(1984) concluded from.!.!:!. s1tu nylon bag studies that formalin-treatment of canola 

meal reduced both dry matter and mtrogen disappearance. Treatment of soybean 

meal With formaldehyde m 12% protem diets reduced rummal NH3-N 

concentrations 2 to 3 h post-feedmg. Apparent digest1bilities of dry matter, 

orgamc matter, ac1d detergent fiber, ether extract and mtrogen-free extract m 

the total digestive tract were not affected by dietary treatment suggestmg that 

formaldehyde-treated soybean meal was not overprotected and unavailable for 

animal use. 

Formaldehyde treatment of protems mcreased milk productiOn m da1ry cows 

(Ferguson, 1975; Mueller et al., 1975; Stobbs et al., 1977; Flores et al., 1979). 

Brookes (1984) reported that formaldehyde effectively protected casem agamst 

rumen degradation for at least 8 hours post feeding. Total nitrogen digestibilrties 
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were similar for the protected and unprotected casein suggestmg that the treated 

casein was digested post-rummally. 

Recent work by Pankhurst et al. (1980), Crooker et al. (1983) and Brookes 

(1984) suggests that responses to formaldehyde treatment are variable. Pankhurst 

et al. (1980) m two experiments momtored milk and linoleic acid production by 

lactating dairy cows fed various forms of formaldehyde protected sunflower seed 

supplements. No dtfferences in m1lk production or milk constituents were 

detected. Soybean meal treated with formaldehyde (0.3% g/100g) inhibited 

microbial degradation m the rumen of lactating cows but decreased the total tract 

availability of the soybean meal protein (Crooker et al., 1983). Digestibilittes of 

protein by cows was reduced (62.4 vs. 65.4%) and milk percentage and yield of 

crude protein were also reduced (P < .10) during days 64 to 119 of lactation by 

formaldehyde treatment of soybean meal. In contrast, Vente and Journet (1977) 

found that milk, protem, and m1lk yields were increased by formaldehyde 

treatment of soybean and rapeseed meals. Sengar and Mudgal (1983) also observed 

a tendency for milk production to increase w1th formaldehyde treatment of 

groundnut cake in lactating Beetal goats. 

Wohlt et al. (1976) formulated diets for wethers from common feedstuffs m 

whtch etther 13 or 35% of the total protem was soluble m a mmeral buffer 

solution. Nitrogen retention and eff1c1ency were mcreased by reduced protein 

solubthty. Selectmg natural feeds of low and high solubility also has been tested 

wtth lactating da1ry cattle (Braund et al., 1978; Dav1s, 1978; MaJdoub et al., 1978; 

Grummer and Clark, 1982; Kung and Huber, 1983; Stern et al., 1983; Santos et al., 

1984). MaJdoub et al. (1978) fed lactating datry cows two levels of total protem 

(13 and 15%) with two levels of soluble mtrogen (22 and 42%). Even though dtets 

differed in feed comnposition, they were formulated to contain equal quantities of 

total d1gest1ble nutrients and net energy for lactation. Yields of mtlk and m1lk 
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components were higher (P < .05) for the high protem-low solubility diet than for 

the other three diets durrng a 9-wk trial. F eedrng the low protem-low solubility 

diet resulted rn greater milk yield than feedrng the high protein-high solubility 

diet though the difference was not significant. 

Braund et al. (1978) divided 80 cows averaging 31 kg of milk per cow daily 

into four equal groups to examine the effect of protein solubility on lactational 

performance. Diets included a negative control (low crude protem 12.6%) and 

three high protem rations (averagrng 18.3% crude protein) varyrng rn protem 

solubility. The high protem ration contarnrng the highest mtrogen solubrlity also 

contained urea. Nutrrent composition was Identical in all diets except for protem 

content. Cows fed the high protein ration wrth the lowest solubility (21.3%) 

produced more milk than those receiving other three treatments. These 

researchers recommended that at least 15% but not more than 25% of the total 

dietary nitrogen should be soluble in the rumen. In fact, they had no treatment 

with a solubility under 21%. 

Davis (1978) conducted a similar trral rn which lactatrng darry cattle were 

fed six diets formulated from either natural protem or natural protem plus urea. 

Protem solubilities ranged from 22.9 to 51.3%. In contrast to tnals of Braund et 

al. (1978), cows fed the diets wrth the least soluble N produced less mrlk than cows 

fed all other drets except for the low protem negative control. Rumrnal ammonra 

levels rn the rumen probably were too low for mrcrobral protem synthesis. 

Lactatrng cows fed diets contarnrng 30 and 35% soluble mtrogen but no urea 

produced the most milk. Additional factors such as soluble carbohydrate level, 

ammo acrd profrle of proterns and nonprotern mtrogen supplies also could 

rnfluence milk production of lactatrng cows when ratwn solubility rs vaned by 

selectmg specific natural feeds. 
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Solubility of diet protem has been reduced by exposmg soybean meal to 

moist heat rn a cooker-extruder. Ahrar and Shrngoethe (1979) fed eighteen cows 9 

weeks postpartum soybean meal or soybean meal which had been more extensively 

heated. In this 16-wk study, no differences m milk production or milk composition 

were detected, possibly due to the small difference in protem solubility between 

the two diets (12 vs. 17%) and because the cows were past their peak of lactation. 

Grummer and Clark (1982) fed frve diets varymg rn mtrogen solubility to 

cows rn a 20-wk lactatron study. Drets ranged from 21.7 to 34.4% soluble mtrogen 

determrned by solubrlity in .15 M NaCl, .02 M NaOH and 10% Buroughs mrneral 

buffer. Nrtrogen solubihty of the diets was altered by heat treatment of defatted 

soybean flakes. The diets provided 85 and 100% of net energy for lactation. 

Treatments did not srgmficantly rncrease milk yield or 4% fat corrected milk yield 

or alter mrlk composition. 

Eighty-four Holstern cows were fed 11.3, 14.5 or 17.5% protein diets with 

ammomated versus untreated corn silage and heated or normal soybean meal rn a 

trial by Kung and Huber (1983). Increasing the ration protein percentage 

mcreased (P < .01) milk yield. Milk productron and persistency were lowest for 

cows fed 11% crude protem corn srlage-soybean meal and hrghest for cows fed 

17.5% crude protem ammomated srlage-heated soybean meal dret. Average 

percent milk fat, mrlk protem and total solids were not srgnificantly altered by 

other dretary treatments. Based on these results, rt may be concluded that when a 

dret contams protem with reduced rumrnal degradation, more NPN can be used 

and may be needed to furmsh adequate amounts of ammoma rn the rumen. 

Santos et al. (1984) used four lactating Holstein cows fitted wrth T -type 

duodenal, ileal, and rumen cannulae to study the effects of protem source on 

protem degradatron in the rumen and amino acid flow to and absorption from in 

the small mtestme. Rummal protem degradation was hrgher for the soybean meal 
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diet (70%) than for the corn gluten meal (45%), wet brewers grams (52%) and 

distillers dried solubles (46%) diets. Though the relatively resistant to degradation 

m the rumen, corn gluten meal and wet brewers grain appeared to be available m 

the small mtestine. Despite the reduced total tract digestibility of the distillers 

dried grains, the quantities of ammo acids disappearmg from the small intestine 

were slightly higher for corn gluten meal, wet brewers grains and distillers dried 

grams than for soybean meal. It seems unlikely that these three protein sources 

would result m greater milk yield by lactatmg cows than soybean meal when fed 

at normal protem levels. 

Past research on circumventmg rummal protem degradation in the rumen for 

lactatmg dairy cattle has often mcreased milk and milk-protein yield in cows fed 

well-balanced rations. Selecting natural feedstuffs, or heat and chemical 

treatment to decrease rumina! protem degradation often has improved growth and 

milk production. Although experimental rations can be formulated to vary only m 

protein solubility and to contain similar levels of crude fiber, other factors vary. 

These include levels of soluble carbohydrates, and other nutrients and the ammo 

acid pattern of the diet reaching the small mtestine. These would be expected to 

differ WIth diet. 

To more clearly determme the effect of soybean meal protein heat 

treatment and solubihty on milk production, mtlk composition and rumina! 

degradation, the followmg research trials were conducted. High producmg dairy 

cows were fed diets that differed only m degree of heat treatment of soybean 

meal. In complementary studies, the extent of rummal proteolysis, rumen 

turnover rate and milk production response to heat treatment of soybean meal 

were exammed. 



CHAPTER III 

IMPACT OF PROCESSING CONDITIONS ON BYPASS 

POTENTIAL OF N FROM FULL-FAT AND 

SOLVENT -EXTRACTED SOYBEAN MEAL 

Summary 

Thirty samples of full-fat and 44% solvent extracted soybean meals (SBM) 

were extruded under specified manufacturing conditions. These were exammed by 

laboratory and in situ procedures to Identify those meals having promise as a 

rumina! escape protem source for ruminant ammals. Extruding conditions for 

whole soybeans included various combmations of steam turn rate (6, 11, 16), 

number of holes m an extruder die (336, 588, 840) and feed rate (rpm; 10, 13, 16) 

and for solvent-extracted meals mcluded steam turn rate (9, 14, 19), feed rate (8, 

10, 12) and water percentage (45, 60, 70) with an 840 extruder die. The only 

production parameter which altered (P < .01) N solubility of full-fat SBM was the 

number of holes m extruder die. Contour plots of response surface mdiCated that 

die 840 was most effective. Variations m processmg conditions for solvent­

extracted SBM resulted m only small numencal differences rn mtrogen solubility 

(5.9 to 10.9%) and pepsrn rnsoluble mtrogen (8.6 to 11.6%). No significant 

differences in dry matter and nrtrogen disappearance were detected (P > .05). 

Several production factors rnfluenced N solubility. These mcluded temperature, 

water, water x feed, and steam x feed rate. Since the magmtude of change was 

small with both full-fat soybeans and 44% solvent-extracted SBM, the practical 

significance of altermg processmg conditions to mcrease rummal escape of these 

32 
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products appears too small to JUStify the additional cost. 

(Key Words: Soybeans, Processmg, N Bypass, Rummant.) 

Introduction 

Research efforts in the early sixties demonstrated that under certam 

conditions ammal production can be Improved when supply of protem or amino 

acids to the small intestme IS mcreased (Egan, 1965; Little and Mitchell, 1967; 

Schelling and Hatfield, 1967). Currently, one of the obJectives m protein nutrition 

of ruminant animals IS to mcrease rumina! escape of high quality feed protem 

while maximizing bacterial protem supply to the small intestine (Owens, 1978). 

Mampulatmg rummant protem digestion to boost protem escape could permit 

greater substitution of mexpensive NPN for feed protem. The major ammal class 

which could benefit from increased rumina! protem escape is the h1gh producing 

dairy cow. Large quantities of ammo acids must be absorbed from the small 

mtestine to prov1de an adequate supply for milk protein synthesis. 

Even when the corre9t feed recommendations are prescribed, h1gh-producmg 

da1ry cows may st1ll suffer from a storage of energy and protein smce maximum 

dry matter mtake does not occur unt1l after peak milk production. This forces 

high producing cows to mobilize body stores of fat and protem to meet the 

deficit. Smce body reserves are hm1ted, addmg fat and h1gh quality protem that 

escapes rumen degradation should benefit lactatmg cows at the peak of lactation 

and permit diet formulation to lower protein levels for cows at later stages m 

lactation. 

Durmg peak lactation, the quant1ty of ammo ac1ds absorbed from the small 

mtestme may be msufficlent to meet the demand for production of mtlk and 

thereby limit production. In this mstance, prov1dmg a protected or slowly 
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degraded dietary protein to increase the supply of high quality protem to the small 

mtestme should be beneficial. Certam trials have shown that productivity can be 

mcreased by heat treatmg soybean meal used m ammal studies (Netemeyer et al., 

1982; and Amos, 1980). 

The obJective of this study was to examme the Impact of specific 

manufacturmg processes on the potential rummal escape of protein from 

extracted soybean meal and full-fat soybeans. The manufacturmg variables tested 

mcluded die opemng, moisture content, steam pressure and feed rate. Meals With 

the greatest potential for use as a bypass source of high quality protem were 

Identified. 

Materials and Methods 

Thirty samples of full-fat and solvent extracted soybean meals which were 

heat treated under controlled manufacturmg conditions were examined by 

laboratory and in situ procedures to Identify the potential impact of specific 

factors on protem and total tract digestibility. Solubility m .15 M NaCl (Waldo 

and Goermg, 1979) was measured and m situ dacron bag procedures were used to ---
evaluate each sample. Decreased solubility and..!!!. situ disappearance were used as 

predictors of potential rummal protem escape. Pepsm msoluble nitrogen, an mdex 

of Indigestibility also was measured (A.O.A.C., 1975). Response surface 

methodology (RSM) was used to determme the optimum combination of 

manufacturing conditions to mimmize each of these vanables (SAS, 1979). 

Conditions tested mcluded three steam turn rates, three different die openings 

(number of holes m extruder die) and three different feed rates (RPM). Of the 27 

potential combinations of factors, fifteen were tested with full-fat soybean meals 

(Table 1) and fifteen different combmations were tested with solvent extracted 

meals (Table 2). 
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For in situ measurement, subsamples weighing approximately 1 g were 

placed in 8 x 12 em dacron bags with pore sizes between 50 and 75 microns. Bags 

were constructed from dacron cloth (100% dacron polyester, R102 Marvelaire 

White; Erlanger, Blumgart and Co., Inc., 1450 Broadway, New York, New York 

10018) due to success m previous studies (Weakley, personal commumcation). A 

single piece of dacron cloth measuring approximately 16 x 24 em was folded m 

half and double sewn along two of the open edges with polyester thread. The 

substrate samples were mserted through the top of the bag. 

Waterproof glue (Duco cement, DuPont Co., Wilmmgton, DE 19898) was 

applied to the sewn area to prevent particulate loss through the needle holes. All 

cut edges were smged With a hot spatula to prevent fraymg m the rumen. Bags 

had a surface area of approximately 192 cm2• Prior to filling, bags were machine 

washed and dried for 24 h at 100C, cooled In a dessicator and weighed. After 

addition of samples, bags were tied with nylon yarn. Bags were mdividually tied 

to the end of a 60 em yarn cord and grouped by time. Individual bags were labeled 

with a waterproof marker. Approximately 5 em from the end of the cords a 30 g 

steel nut was used to weigh the bags and cord. 

Sample bags in duplicate were incubated in the ventral sac of the rumen for 

4, 12, and 20 h. Bags were washed under a stream of tap water (approximately 

26C) until rinsing water was clear. Washmg time averaged approximately 150 

sec/bag. Bags were drted m a forced air oven for 48 h at 60C, cooled in a 

dessicator and weighed. 

For in situ incubation, one lactatmg rummally cannulated cow approximately 

700 kg was fed a diet consisting of 50% concentrate, 30% sorghum silage and 20% 

alfalfa hay (Table 3). Feed compositiOn was limited to 3% body weight per day In 

two meals daily (0400 and 1600 hours). To standarize time after feeding effects, 

bags were introduced together and withdrawn at respective times. 



36 

Nitrogen by macro KJeldahl N analysis, and dry matter determination 

followed A.O.A.C. (1975) procedures. Disappearance of dry matter (DM) and 

mtrogen (N) were calculated as follows: 

% DMD = [initial substrate dry wt - residual dry wt] x 100/ 

Imtial substrate dry wt 

% ND = [initial substrate N content - restdual nitrogen content] x 100/ 

Initial substrate N content 

Results and Discussion 

Manufacturing variables studied with the full-fat soybean experiment 

included die size, number of turns on the steam valve and feed rate measured in 

rpm. Nitrogen solubility for the full-fat soybeans ranged from a low of 7.1 for the 

840 die size, 16 turns on the steam value and 13 RPM feed rate to a high of 14.4 

for the 588-6-10 treatment (Table 4). Only sight differences in dry matter and 

nitrogen disappearance occurred at any time, though all processed samples were 

less digested than the control sample after 12 h of digestiOn. There was a 

negative correlation between Pepsin Insoluble Nttrogen (PIN) and N solubility (r2 = 

- 47; P .01). (Plots vs time and correlations m Appendix A.) 

Response surface methodology was used to prepare plots (Ftgures 1 - 3) to 

determine the optimum conditions. To mtmmtze mtrogen solubility the opttmum 

combination was the 840 die, 5 to 8 steam value turns wtth a feed rate of 14 to 

16. The only variable contnbutmg significantly to N solubthty (Table 5) was the 

number of holes in the dte (P .01). Based on these and other results, the 840 die 

was used m preparmg the meals used m animal feedmg studtes and m tests wtth 

SSM. Additional laboratory analyses of the meals were conducted (Table 6). 

Values obtamed were withm expected ranges though extrusion conditions would 

not be expected to alter nutrient compositiOn. Drops m fiber and ash content and 
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increases m ether extractiOn wrth extrusron were surprising and deserve further 

attention. These changes mdicate that laboratory results vary wrth feed 

processing conditions. Whether nutrrent avarlabrlity 1s simrlarly altered has not 

been determined. 

Analytrcal results wrth extruded 44% protem solvent-extracted soybean are 

presented in Table 7. The dtfferent processmg condit10ns employed resulted m 

only small changes in the varrables measured. Nitrogen solubrlity ranged from 5.9 

to a 10.9 and PIN from 8.6 to 11.6. Stepwise regress10n revealed that several 

factors contrtbuted to N solubrhty. These were: temperature (P < .01), water 

(P < .01), water x feed rate (P < .01) and steam x feed rate (P < .01). The RSM 

contour plots for the full-fat soybean expertment mdicate agam that the 840 dre 

was the optimum size. Though statrstteally srgmficant, numerical drfferences 

obtained from these vanous processmg condit10ns were qurte small. A 

temperature change of 28C changed dry matter and nitrogen disappearance by a 

mean of only 1 percent pmnt. Though statrstrcally srgnificant (P < .01) the 

practrcal srgmficance of thrs change rs questionable. On the basts of the 

laboratory data none of the combmat10n of processmg conditions tested would not 

be expected to mcrease rummal escape of SBM. More extreme conditions would 

be needed. Protein, frber, calcium, ether extract, and dry matter contents of 

treated meals are shown m Table 8. Analyses all fall wrthm the respective ranges 

expected for 44% solvent-extracted SBM. Addrtron of water, especially with 

higher steam rates, decreased moisture content of the extruded meal. 

In conclusron, nerther the full-fat soybean meal nor 44% solvent-extracted 

meal was sufficiently altered by processmg condrtions to alter therr rummal 

escape characteristics. A ddt trona! laboratory and prlot-plant scale mvestigators 

are needed to determme how more extensrve processmg would alter the feeding 

and bypass value of soybean meal. With current manufacturmg procedures, It may 



38 

not be economrcally feasrble to produce a soybean meal wrth greater rumina! 

escape. The addrtron of new rnnovatrve manufacturrng procedures, possrbly 

employing added chemrcals, might yield a more functional rumrnal escape 

soybean meal whrch would be more useful than conventionally processed SBM. 
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Table 1. SAMPLE PREPARATION OF FULL-FAT EXTRUDED SOYBEANSa 

Die Opening, 1/811 Holes 840 588 336 
Steam, Turns 6 11 16 
Feed Rate, RPM 10 13 16 

Sample 
No. Die Steam Feed Rate 

840 16 13 
2 840 6 13 

3 840 11 10 

4 840 1 1 16 

5 588 16 10 

6 588 6 10 

7 588 16 16 

8 588 6 16 

9 588 11 13 
10 588 1 1 13 

11 336 16 13 
12 336 6 13 

13 336 11 10 

14 336 1 1 16 

15 588 1 1 13 

a Test substrates provided by Farmland Industries, Kansas City, 
Missouri. 
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Table 2. SAMPLE PREPARATION OF EXTRUDED 44 PERCENT SOYBEAN MEALa 

840 Die Opening, 1/811 Holes 
Water, % 45 60 75 
Steam, Turns 9 14 19 Head 
Feed Rate, RPM ' 8 10 12 0 Temp. C 

Sample 
No. Water Steam Feed Rate 

45 9 10 160 

2 75 9 10 160 

3 45 19 10 154 

4 75 19 10 141 

5 45 14 8 138 
6 75 14 8 132 

7 45 14 12 157 
8 75 14 12 160 

9 60 9 8 154 
10 60 19 8 14 1 

11 60 9 12 163 
12 60 19 12 149 
13 60 14 10 149 
14 60 14 10 154 

15 60 14 10 141 

aTest substrates provided by Farmland Industries, Kansas City, 
Missouri. 
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Table 3. INGREDIENT COMPOSITION OF DIET DRY MATTER FOR COW IN IN SITU 
DIGESTIONa DACRON BAG EXPERIMENT ---

Ingredient 

Corn, ground 

Soybean meal 

Sorghum, grain 

Molasses, cane 

Dicalcium phosphate 

Salt, trace mineralc 

Sorghum s i ]age 

Alfalfa hay, chopped 

aContained 14.9% crude protein. 

blnternationa1 reference number. 

I RN 

4-21-018 

5-04-604 

4-04-383 

4-04-696 

6-01-080 

3-04-468 

1-00-063 

% 

25.0 

11.25 

8.75 

3.75 

1.0 

.25 

30.0 

20.0 

cMorton Salt Co., Chicago, IL 60606; contained, as a percentage: 
NaC1 not more than 97%, not less than 92%. 



Table 4. DISAPPEARANCE OF DRY MATTER AND NITROGEN (N) FROM DACRON BAGS AND PEPSIN INSOLUBLE NAND N SOLUBIL­
ITY OF FULL-FAT EXTRUDED SOYBEANS 

Dry Matter Nitrogen 
Disappearance Disappearance p . a eps1n 

Sample Nitrogen a Exposure Time, Hr. Insoluble 
No. Solubility 0 4 12 20 0 4 12 20 Nitrogen 

la 
----------------------------------------------- % ------------------------------------------------

2 7. 1 36.6 43.9 58.1 77.2 11.2 17. 1 27.2 55.3 9.9 
3 8.7 32.0 43.6 57.7 73.2 6.9 18.3 30.3 50.9 10.9 
4 7. 1 35.4 43.2 56. 1 72.3 11.7 17.2 26.7 46.7 9.7 
5 11.8 36.3 47.7 60.2 73.3 13.4 22.0 33.6 49.5 9.7 
6 14.4 42.3 48.4 64.8 75.9 26.3 18.0 34.7 48.4 8.7 
7 11. 1 40.3 49.3 60.4 73. 1 16.0 20.6 31.2 48.0 9.2 
8 8.3 42.9 51.2 63.7 70.6 17.5 24.1 34.7 43.0 9.4 
9 8.4 42.7 44.7 56.8 68.7 14.3 17.4 30. 1 46.7 10.9 

10 10.6 52.4 56.2 59.2 72.7 25.7 33.6 33.5 52.0 10.6 
11 12.3 39.9 48.2 59.4 74.7 17.9 24.8 36.2 59.6 10.4 
12 12.0 44.6 52.7 64.4 76. 1 20.7 24.6 33.9 52.6 9.0 
13 11.2 39.9 47. 1 58.0 70.1 14.8 22. 1 32.6 48.0 10.0 
14 13. 1 43.9 45.3 57.2 69.7 19.4 22.4 33. 1 49.2 12.4 
15 9.3 37.1 45.3 58.0 72.4 14.8 18. 1 28.6 48.6 7.6 
--

a % of total N; sample ground through 2 mm screen. 

bSample No. 1 molded prior to analysis. 

J:­
N 



Table 5. RELATIONSHIP OF PROCESSING CONDITIONS TO NITROGEN 
SOLUBILITY OF FULL-FAT EXTRUDED SOYBEANSa 

Parameter Coefficient P robab i 1 i ty 

Die 2.29 .004 

Steam . 1125 NS 

Rate - .83 . 14 

Die 2 - .55 NS 

Die Steam~-: - .025 NS 

Steam 2 .845 NS 

Die Rate* .90 NS 

Steam Rate* 1. 35 NS 

Rate 2 
1. 12 NS 

.88 

cv = 12.99% 

aStatistical analysis provided by Farmland Industries, 
Kansas City, Missouri. 
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Table 6. LABORATORY ANALYSES OF FULL-FAT EXTRUDED SOYBEANSa 

% 
Sample 

Treatmentb 
Ether Dry 

No. Protein Fiber Ash Ca 1 ci urn Phosphorus Extract Matter 

1 840/16/13 34.90 5.57 5.54 .48 .50 20.28 87.85 
2 840/6/13 37.20 5.40 5.65 .46 .52 21.35 93. 15 
3 840/11/10 36.20 5.07 8.49 .47 . 51 23.36 92.34 
4 840/11/16 36.30 9.79 5.45 .49 . 51 22.44 92.73 
5 588/16/10 38.50 4.87 6.26 .49 .53 19.64 91.9 
6 588/6/10 35.80 5.38 6.21 .49 . 51 24.80 92.99 
7 588/16/16 35.60 5.42 5.79 .43 .54 21.50 93.9 
8 588/6/16 38.10 4.66 6.85 .48 .53 23.49 94.21 
9 588/11/13 36.20 5. 16 5.83 .48 . 51 21.43 91.34 

10 588111/13 35.90 6. 41 5.78 .49 . 51 21.96 91.47 
11 336/16/13 37.75 6.03 6.38 .47 .59 22.40 92.74 
12 336/6/13 37.85 4.57 6.25 .46 .57 21.06 90.22 
13 336/11/10 35.20 5.85 5. 71 .52 .54 20.42 93. 10 
14 336/11/16 36.70 5.29 6.02 .48 .52 21. 19 94.26 
15 588/11/13 35.30 5.60 6.02 .49 .50 24.75 92.58 
16 Untreatedc 35.30 11.41 7.97 .49 .53 19.27 95.51 

aAna1yses on dry matter basis provided by Farmland Industries, Kansas City, Missouri, 

bNumber of 1/811 holes in die/steam turn, rate/feed rate, rpm. 

cComposite of above samples prior to treatment. 

-*='" 
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TABLE 7. DISAPPEARANCE OF DRY MATTER AND NITROGEN (N) FROM DACRON BAGS AND PEPSIN INSOLUBLE NAND N SOLU­
BILITY OF EXTRUDED 44 PERCENT SOLVENT-EXTRACTED SOYBEAN MEAL 

Dry Matter Nitrogen 
Disappearance Disappearance p . a eps1n 

Sample Nitrogen a Exposure Time, Hr. Insoluble 
No. So 1 ubi 1 i ty 0 4 12 20 0 4 12 20 Nitrogen 

-------------------------------------------------- % ----------------------------------------------
1 10.6 26.6 35.7 48.0 56.6 6.5 15.0 20.9 27.0 10.7 
2 8.3 25.9 34.6 48.9 55.9 6.5 14. 1 19. 1 33.8 10.6 
3 9.4 28.7 38. 1 45.0 59.5 10.7 21.3 19. 1 39.5 9.5 
4 8.4 28.5 33.2 45.9 59.6 8.2 9.0 19.7 34.8 9.8 
5 8.2 34.2 35.4 42.7 59.8 9.6 11.8 25.0 27.5 11.6 
6 7.0 25.1 33.6 46. 1 60.7 4.8 13.6 21.2 36.1 12.3 
7 10.0 28.5 34.9 56. 1 55.5 7.8 13.9 30. 1 25.9 10.8 
8 10.1 21.7 35.8 49.7 56.9 5.0 15.0 20.4 30.2 10.9 
9 8.7 27.5 36.1 44.9 58. 1 7.7 15.5 17.5 31.8 9.7 

10 7.5 25.6 29.3 37.9 57.1 3.7 6.8 17.4 34.6 10.4 
11 10.8 33.3 33.6 44.0 52.6 7.3 11.3 22.3 27.4 9.7 
12 10.9 28.7 35.4 46.3 57.4 14.1 18.2 20.7 31.7 8.6 
13 7.6 32.0 33.2 45.6 52.8 7.6 9.7 24.4 27.5 9.3 
14 10. 1 32.0 34.6 42.7 53.8 7.8 13.6 20.0 30.3 10.0 
15 5.9 30.8 36.3 44.6 57.4 5.4 13.0 14.3 28.8 11.3 

a % of total N; sample ground through 2 mm screen. 

~ 
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Table 8. LABORATORY ANALYSES OF EXTRUDED 44 PERCENT SOLVENT-EXTRACTED SOYBEAN MEALa 

% 
Sample b Ether 

No. Treatment Protein Fiber Calcium Phosphorus Extract 

1 45/9/10 53.68 2.29 .75 .88 1.87 
2 75/9/10 51.72 3.28 .62 . 84 1.96 
3 45/19/10 53.51 2.38 .59 .84 1. 31 
4 75/19/10 51 . 21 2.99 .61 . 81 1. 39 
5 45/14/8 54. 13 2.67 .52 . 79 2.62 
6 75/14/18 48.83 3.69 .52 .72 I. 81 
7 45/14/12 54.48 1.72 . 61 . 86 1.66 
8 75/14/12 52.56 3. 13 .60 .83 1. 52 
9 60/9/8 53.30 2.65 .50 . 79 I. 56 

10 60/19/8 47.76 2.73 .60 .77 1. 59 
I I 60/9/12 53.07 2. 14 .53 . 79 1. 54 
12 60/19/12 51.58 3.66 .59 . 8o 1.27 
13 60/14/10 53.28 3.39 .55 .80 2.00 
14 60/14/10 53.52 2.68 .56 .82 I. 45 
15 60/14/10 53.00 3.37 . 61 .84 3.37 
16 c 49.06 3.68 .30 .67 1. 70 Untreated 

aAna1yses on dry matter bases provided by Farmland Industries, Kansas City, Missouri. 

bWater percentage/steam turn, rate/feed rate, rpm with die size 840. 

cComposite of above samples prior to treatment. 

Dry 
Matter 

98.21 
94.79 
97.35 
93.29 
97.68 
98.88 
98.96 
95.36 
98.53 
92.85 
97. 14 
93.54 
97. 15 
96.02 
97.16 
90.07 
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Figure 1. The Influence of Extruding Full-Fat Soybeans on 
Percent Estimated Nitrogen Solubility 
Die = 336 (Contour Plots Provided by Farmland 
Industries, Kansas City, MO) 
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Figure 2. The Influence of Extruding Full-Fat Soybeans on 
Percent Estimated Nitrogen Solubility 
Die = 588 (Contour Plots Provided by Farmland 
Industries, Kansas City, MO) 
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CHAPTER IV 

FEEDING VALUE OF HEAT-TREATED SOYBEAN 

MEAL FOR LACTATING DAIRY COWS IN A 

SWITCHBACK EXPERIMENT 

Summary 

Twenty-four lactatmg dairy cows (8 to 9 wks postpartum) were utilized m a 

switchback feeding trial to evaluate the application of heat-treatment of soybean 

meal (SBM) on ammal performance. Feed grade soybean meal with a protein 

dispersion index of 40 (PDI-40) and SBM which had been more extensively heated 

(PDI-10) were compared. Diets contamed either feed grade SBM, heat-treated 

SBM (HSBM) or HSBM with 0.3% urea added. SBM protem accounted for 

approximately 41% and 45% of total protem mtake for cows fed the feed grade 

SBM and HSBM, respectively. Protem mtake averaged 99, 98 and 114% of NRC 

(1978) feedmg standards durmg feeding periods for SBM, HSBM and HSBM plus 

urea. Dry matter mtake and milk yield and composition were similar for all 

treatments though cows receiving the HSBM tended to gam body weight. 

Production efficiency (milk/feed mtake) was similar for the three treatments 

(1.38, 1.37 and 1.38). Rumen ammoma levels were elevated m the HSBM plus urea 

group (11.8 mg/dl versus 8.8 mg/dl and 8.9 mg/dl for SBM and HSBM cows). Heat 

treatment of soybean meal In this experiment did not Improve Its feedmg value 

for lactatmg cows. F a1lure of heat treatment to affect rum mal an'lmoma values 

or on in situ digestion rate infers that the degree of heat-treatment used m this 

study did not reduce rumina! degradation of SBM. 

(Key Words: Soybean meal, Processmg, Protem, Rummants.) 
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Introduction 

High quality feed proteins can be used more efficiently for milk production 

when a large portion of the protem IS protected from rumina! degradation yet Is 

digested in the small mtestme. When protems or amino acids have been rnfused 

abomasally, milk production often has been increased (Griel, 1968; Bishop, 1971; 

Schwab et al., 1976; Clark, 1975). Production also has been rncreased by 

formaldehyde treatment (Reid et al., 1971; Mueller et al., 1975; Verite et al., 

1977), and by diets formulated to contarn less of the total protein as soluble 

protem (Braund, 1978; MaJdoub et al., 1978; Mielke and Schrngoethe, 1979; Block 

et al., 1980; Netemeyer et al., 1982). Protem degradation in the rumen IS 

partially related to solubility (Gllmp et al., 1967; Little et al., 1963; Poos-Floyd et 

al., 1984). Consequently, reducmg the solubility of proterns may improve the 

quantity of protein available to the small rntestine for digestiOn and absorption 

and could potentially increase milk yield. 

Increased rumrnal escape of protem IS most desirable when protein demand 

IS highest as Is the case for young growrng rumrnants and for high producrng dairy 

cows early rn lactation as reviewed by Brester (1972), Clark and Davrs (1980) and 

Huber and Kung (1981). Heat treatment has been reported to reduce protem 

solubility and mrcrobral degradation of SBM (Netemeyer et al., 1982) and may 

shift the site of digestion. Unless mcreased production IS obtamed from heat 

treatment of the protem, such alteration rs useless. When rumrnal protem escape 

rs mcreased, rummal bacteria may be potentially starved for ammonra. The 

addrt10n of urea to the dret could meet this need. 

The obJectrve of thrs study was to measure milk production response to heat 

treatment of SBM wrth or wrthout addrtron of urea. 
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Materials and Methods 

Heat-treated soybean meal (SBM) and conventiOnally processed SBM were 

supplied by a commercial manufacturer1 to compare their feedrng value for 

lactating darry cows. Both meals were processed by conventional procedures 

through to the oil extractron step. Followrng extractron, the solvent was removed 

by a flash desolventrzrng method rnvolvrng 3 to 10 seconds of exposure to 

superheated (176C) hexane vapor. Meals were then subjected to temperatures 

ranging from 79 to ll5C and up to 704 g/cm2 of steam. SBM retention trme rn the 

cooker unrt was approximately 30 mrnutes. Meals were further characterized by 

measurrng the Protem Oispersrbility Index (POI, Paulsen; 1968). POI is a 

measurement of the degree of heat treatment as described by A.O.C.S. (1969). 

The greater the heat treatment, the lower the POI. Control SBM had a POI of 40 

and heat-treated SBM had a POI of 10. Soybean meals were further characterized 

by the .!!! situ dacron bag procedure and evaluated using lactatrng dairy cows rn a 

feeding trial. 

In Situ Experiment 

An .!!! srtu dacron bag procedure was employed to compare nrtrogen and dry 

matter disappearance of soybean meals desrgnated POI-10 or POI-40. Substrate 

samples werghrng approximately 7 grams were placed rn 17 by 9 em bags with pore 

size between 50 and 75 mrcrons. Bags were made from dacron cloth (100% dacron 

Polyester, R102 Marvelarre Whrte; Erlanger, Blumgart and Co., Inc., 1450 

Broadway, New York, New York 10018) based on success rn prevrous studies 

(Weakley, personal communrcatron). Bags were constructed from a srngle prece of 

1Farmland Industrres, St. Louis, MO. 
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material measuring approximately 17 x 18 em that was folded in half and double 

sewn along two of the open edges with polyester thread. The top was left open for 

sample Insertion into the bag. 

Water-proof glue (Duco cement, DuPont Co., Wilmington, DE 19898) was 

applied to the stitched area to prevent loss of small particles through the needle 

holes. All cut edges were smged with a hot kmfe to prevent fraying in the 

rumen. The constructed bags had a surface area of approximately 306 cm2• Prior 

to filling, bags were machine washed and dried for 24 hrs at lOOC, cooled m a 

dessicator and weighed. After additiOn of samples, bags were tied with nylon 

yarn. Bags were Individually tied to the end of a 60 em yarn lme and grouped by 

time. Individual bags were labeled With a waterproof marker. Approximately 5 

em from the end of the line, a 30 g steel nut was tied to weigh the bags down. 

Three substrates were investigated. These included two soybean meals 

received from the commercial manufacturer plus a feed mill source of soybean 

meal (FSBM) obtamed from the Umversity feed mill. The two meals supplied by 

the manufacturer were Identified by manufacturing treatment, i.e., CSBM 

(conventionally processed SBM) and HSBM (heat treated SBM). 

Sample bags In duplicate were mcubated In the ventral sac of the rumen for 

4, 12 and 20 h. Bags were mtroduced at the same time and retrieved 4, 12 and 20 

h later. Bags were washed under a stream of tap water (approximately 26C) until 

the rmsmg water was clear. Washmg time averaged approximately 150 sec/bag. 

Bags were dried In a forced air oven for 48 h at 60C, cooled m a dess1cator and 

weighed. 

For mcubation of samples m bags, one lactatmg rummally cannulated cow 

weighmg approximately 700 kg was fed a diet consistmg of 60% concentrate, 28% 

sorghum silage and 12% prame hay (Table 1). Feed was available ad libitum (3% 
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OM body wt). Fresh feed was fed three times each day at 0300, llOO and 1900 

hours to stabilize rummal conditions. 

Nitrogen, by macro Kjeldahl N analysis and dry matter determination 

followed A.O.A.C. (1975) procedures. Disappearance of dry matter (OM) and 

nitrogen (N) were calculated as follows: 

% DMD = [Initial substrate dry wt- residual dry wt] x 100/ 
mitial substrate dry wt 

% NO = [Initial substrate N content - residual nitrogen content x 100/ 
Initial substrate N content] 

Lactation Experiment 

The two soybean meals were mcluded In the concentrate portion of the 

complete diets for lactating cows (Table 2). The concentrate portion of the diet 

was mixed fresh each week of the study. Diets contamed either feed grade SSM 

(PDI-40), heat treated SSM (PDI-10) or heat-treated SSM with .3% added urea. 

Diets were formulated to provide 1. 7 Meal net energy for lactation (NE1) per kg of 

dry matter. Diet dry matter consisted of 60% gram mix, 28% sorghum silage and 

12% sudangrass hay. 

Prior to Initiating the study, twenty-four cows (20 Holstems, 4 Aryshires) 

were challenge fed a 60:40 concentrate to forage ration for a penod of 2 to 4-wk 

and cows were started on test diets from 8 to 9-wk postpartum. At the end of the 

adJustment period cows were randomly assigned to treatments employmg a Lucas 

switchback design (Lucas, 1956) with 4-wk periods. To minimize carryover 

effects, the data collected durmg the first week of each period were not mcluded 

In calculations. 
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Feed provtded was limtted based on stze of cow, age and product10n during 

the prelim mary pertod. Feed allowance was decreased by 5% at the end of each 

pertod based on the ant1c1pated decrease m mtlk production over ttme, though 

diets were formulated to provtde 85% of the protem spec1 fted by the Nat10nal 

Research Counctl (NRC, 1978). Calculatmg back from production, protem mtake 

averaged 92, 98, and 110% of hsted reqUirements durmg the first, second and thtrd 

expertmental pertods. Decreasmg the feed allowance by only 5% at the start of 

the second and thtrd 4-wk pertods was not sufftctent to mamtam protein intake at 

the destred level smce mtlk product10n perststency and yteld was less than 

expected. Over the enttre experiment, protem mtake averaged 99, 98 and 104% 

of NRC reqUirements for the regular soybean meal, heat-treated SBM and heat­

treated plus urea diets, respectively. 

Cows were fed equal amounts twice datly of the allotted concentrate and 

sorghum stlage port10ns of the total rattan. Once dally, cows were mdtvtdually fed 

thetr allottment of sudangrass hay. Cows were wetghed on three consecutive days 

at the end of the prehmmary per10d and at the end of each expenmental pertod. 

Each day that feed was refused, 10% of the wetghback was collected and 

refrtgerated. At the end of each week, wetghbacks were compostted and 

sampled. Compostte feed and art samples were drted to a constant wetght at 40C, 

ground m a Wtley mtll (2mm screen) and sampled for dry matter and total protein 

determmat10ns (A.O.A.C., 1975). 

Samples of the concentrate mtxtures, sorghum stlage and sudangrass hay also 

were collected each week and analyzed for dry matter and total protem. Milk 

y1elds were recorded tw1ce dally and samples were collected from four 

consecutive mllkmgs each week, compostted by volume and analyzed for mllk fat 

and total protem. A Mark II M1lk-O-Tester (A/S N. Foss Electrtc, Denmark) was 
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used to measure milk fat. Milk protein percentages were determmed during the 

fourth week of each period by the Kjeldahi method (A.O.A.C., 1975). 

Rummal flUid samples were collected durmg the last three days of each 

period by stomach tube at 2 h after feeding. Samples were stramed through four 

layers of cheesecloth, acidified by addition of 1 ml 20% H2so4per 50 ml strained 

fluid, and analyzed for ammoma-N content (Chaney and Marback, 1962). 

Results and DISCUSSIOn 

In Situ Experiment 

The extent of heat-treatment and manufacturmg conditions presumably 

affected the outcome of this experiment. The solubihty of mtrogen m .15 M NaCl 

was 7.6% of total nitrogen in the more extensively heat-treated soybean meal 

compared With 13.9% for the regular soybean meal. These differences are much 

smaller than a previous trial (Netemeyer et al., 1982) in which mtrogen (N) 

solubihty was reduced from 24.6% of total N to 8.1% by heat treatment. In situ 

disappearance of dry matter (DM) and mtrogen (N) from CSBM and extra heat 

SBM (HSBM) were not significantly altered (P > .05) by heat treatment (Table 3), 

although DM and N disappearance rates tended to be higher for HSBM than FSBM 

or CSBM. Hence, the heat treatment might not be expected to reduce rummal 

degradation of protem. Such variations m soybean meal solubility due to 

manufacturing and heat treatment condit10ns must be controlled to provide a 

consistent animal response. POI alone appears madequate as a measure of .!!l situ 

disappearance rate. 

lactat10n Experiment 

Dry matter mtakes (Table 4) by cows were not different (P > .05) for soybean 

meal treatment groups. Soybean meal protem provided 41% of the total protem 
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intake of cows fed the untreated soybean meal and 45% of the total protein intake 

of cows fed HSSM. Soybean meal protem in the HSSM plus-urea ration accounted 

for 36% of the total crude protem. In all groups, soybean meal protem was 

considered to be at a htgh enough percentage of the total protem to influence 

productiOn though protem intakes were 92, 98 and llO% of that listed by the NRC 

(1978) as berng required for the levels of production obtarned. Urea was added to 

the heat-treated SSM to provtde add1t1onal available N rn case heat treatment 

reduced rumrnal ammoma availability whtch could potenttally starve rummal 

mtcrobes. 

Mtlk yteld and composition were not affected by alteration of dietary 

protem (Table 5). This result contrasts wtth previous findings rn whtch milk yield 

of cows fed more extensively heated soybean meal was higher than that of cows 

fed regular soybean meal (Netemeyer et al., 1982). Efficiency of production 

mtlk/kg OM consumed m their trial was stgniftcantly improved (P > .05) in the 

lower protein group recetvmg 94% of NRC (1978) requirements for protein. In this 

trtal, dietary crude protein mtake for the heat-treated soybean meal group 

averaged 98% of NRC requirement. 

Ahrar and Schmgoethe (1979) reported that heat-treatment of SSM 

mcreased mtlk production slightly during the ftrst 8-wk of lactation when protem 

rntake was limited but not in the latter part of lactation when protein intake 

exceeded requirements. Hence, stage of lactation may alter response. In a 

switchback experiment by Mtelke and Schmgoethe (1981) mtlk yteld of cows past 

peak production also was not altered by heat treatment of SSM. 

One can examrne these results by pertod, as well. Durrng the ftrst pertod of 

thts trial, when protem rntake averaged only 92% of requirements, milk ytelds, 

adjusted by covariance analysts for dt fferences rn pre-tnal ytelds, were 26.7, 27.8 

and 26.2 kg/day for the regular soybean meal, heat treated soybean meal and heat 



58 

treated soybean meal plus urea groups, respectively. Though differences were not 

sigmficantly different, treatment trends support the concept that heat treatment 

was more effective early m lactation when protem requirements would be higher. 

Differences in body weight change between SBM treatment groups were not 

statistically different (P > .10). Durmg early lactation, lactatmg cows mobilize 

protein reserves to meet the protein demands for milk production. Repletion of 

these reserves should be more rapid If protem quality or quantity is increased. In 

1985 ¢rskov observed that m experiments conducted with cows mamtained by 

mtra-gastnc infusion early in lactation, an increase m the supply of protein to the 

intestines caused no response in blood insulin. Later in lactation, msulin responses 

were apparent. Increased insulin would be expected to mcrease weight gain. 

Rummal ammoma concentrations (Table 4) were not altered by heat treatment of 

SBM but were increased by addition of urea to the diet. With all diets, rumina! 

ammonia concentrations at the times sampled exceeded those generally 

considered necessary to maximize microbial protem synthesis (Satter and Roffler, 

1975). Rumina! ammonia concentrations for the PDI-10 and PDI-40 diets were 

similar. If degradation of dietary protein m the rumen was reduced by heat 

treatment, rummal ammoma level should be reduced. Smce 1t was not reduced, 

one m1ght suspect that heat treatment did not greatly alter rummal protein 

degradation of SBM. 

In summary, milk yield by cows m th1s tnal was not increased by feeding a 

more extensively heated SBM. Rummal escape was not mcreased by heat 

treatment since rummal ammoma concentrations were not altered. The control 

soybean meal m this study had a relatively low solubility m saline solution. 

Though solubility was slightly reduced by heat treatment, extent of rummal 

proteolysis as measured .!.!l situ was decreased. Complete in VItro and in situ 

appraisal of responses m protein supplements to heat-treatment and 
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manufacturmg conditions should precede extensive and expensive lactation tnals 

with treated materials. 



Table 1. INGREDIENT COMPOSITION AND PROTEIN CONTENT OF DIET USED FOR 
COWS IN IN SITU DACRON BAG EXPERIMENTa 

I ng redi ent 

Corn, ground 

Soybean meal 

Sorghum, grain 

Molasses, cane 

Dicalcium phosphate 

Salt, trace mineralc 

4-21-018 

5-04-604 

4-04-383 

4-04-696 

6-01-080 

60 

% 

30.0 

13.5 

10.5 

4.5 

1.2 

.3 

Sorghum silage 3-04-468 

1-03-191 

28.0 

Prairie hay 

Protein, % of OM 

aDry matter basis 

blnternational reference number 

cMorton Salt Co., Chicago, IL 60606; contained as a percentage: 
NaCl not more than 97%, not less than 92%. 

12.0 

13.6 
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Table 2. INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIETSa 

Treatment 
Item SMB HSBM HSBM+Urea 

Ingredients, % 

Corn, ground 

Soybean meal {PDI-40) 

Soybean meal (PDI-10) 

Urea 

Dicalcium phosphate 

Limestone 

Salt, trace minera1c 

Sorghum silage 

Sorghum sundangrass 

SBM-N solubility in .5M NaC1 

4-21-018 

5-04-604 

5-04-604 

6-01-080 

6-02-632 

3-04-468 

3-04-499 

47.4 

11. 1 

0 

.6 

.6 

.3 

28.0 

12.0 

14.4 

13.9 

47.4 

11. 1 

0 

.6 

.6 

.3 

28.0 

12.0 

14.2 

7.6 

47. 1 

11. 1 

.3 

.6 

.6 

.3 

28.0 

12.0 

1. 70 1. 70 NEQ, {MCa 1/kg of DM) 1. 70 

aDry Matter Basis. 

blnternational reference number. 

cMorton Salt Co., Chicago, IL 60606; contained as percentage: NaCl 
not more than 97%, not less than 92%. 
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Table 3. DISAPPEARANCE OF DRY MATTER (OM) AND NITROGEN (N) FROM SOYBEAN 
MEAL TYPES (SBM) PLACED IN DACRON BAGS AND SUSPENDED IN THE 
RUMEN 

Exposure SBM Type 
Time, h FSBM HSBM CSBM 

Dry matter 0 28.4 26.6 23.9 
Disappearance, %a 4 35.3 35.1 34.9 

12 45.6 48.6 48.3 
20 69.0 69.6 69.6 

Residue s 1 opes, 
%/hb - 2. 1 - 2.2 - 2.2 
%/he - 4.6 - 4.7 - 4.8 

Nitrogen 0 6.2 12.6 8.5 

Disappearance, %a 4 17.4 18.8 11.0 

12 29.5 32.4 24.1 

20 49.8 64.5 48.6 

Residue slopes, 
%/hb - 2.0 - 2.9 - 2.4 
%/he - 3. 1 - 4.3 - 3.4 

aEach value is the mean of two observations. 
bL. 1near 
CL . h . ogar1t m1c 



Table 4. TOTAL FEED AND TOTAL PROTEIN INTAKE PERCENT CONCENTRATE AND SOYBEAN PROTEIN OF TOTAL DIET, AND 
RUMEN AMMONIA AND WEIGHT CHANGE, OF COWS FED HEAT TREATED SOYBEAN MEAL 

Treatment 
Item SBM HSBM HSBM+UREA 

Total dry matter intake, kg/day 17.05 17. 15 17.01 

Total protein intake, kg/day 2.46 2.43 2.57 

Rumen ammonia, mg/d~ 8.8 8.9 11.8 

Soybean protein/total protein 
intake, % 41.0 45.0 36.3 

SE 

.26 

.08 

.04 

(j\ 
w 



Table 5. MILK YIELD AND MILK COMPOSITION OF COWS FED SOYBEAN MEALS CLASSIFIED ACCORDING TO THE PROTEIN DIS­
PERSION INDEX 

Treatment 
Item SBM HSBM HSBM+UREA SE 

Milk, Kg/Day 23.6 23.5 23.4 .29 

Fat, % 3.84 3.80 3.85 .05 

Protein, % 3. 12 3. 11 3.09 .06 

FCM 24.8 22.8 22.9 .02 

M i 1 k/Feed OM 1. 38 1. 37 1. 38 .01 

Body Weight Change, kg/wk - .07 + 2.03 - .03 .43 

0'\ 
-1:-



CHAPTER V 

INFLUENCE OF HEAT TREATMENT OF SOYBEAN MEAL 

FOR LACTATING DAIRY COWS IN A 

CONTINUOUS FEEDING TRIAL 

Summary 

Forty lactatmg datry cows (4 weeks postpartum) were used m a continuous 

feeding trial to study soybean meal subjected to extenstve heating during 

processing (HSBM) versus regularly processed soybean meal. Nitrogen solubilities 

of the meals were 11.2 and 19.3% of total nitrogen and rates of in sttu N 

disappearance were 2.8 and 2.3% h, respectively. Cows were patred w1thm two 

production groups (31 to 38 kg/day and 24 to 30 kg/day) based on mtlk yield durmg 

the prelimmary perrod and were fed a 60:40 concentrate to forage rattan 

composed of corn gram, sorghum stlage and prame grass hay. Soybean meal 

protem provtded approximately 53% of the total protem consumed by the htgh 

production group and 4 7% for the lower production group. Dry matter mtake, 

milk yield and composition were similar withm production groups, but there was a 

trend toward higher milk yield by high producmg cows fed HSBM (33.5 versus 31.0 

kg/day). No production response was observed with the lower production cows 

(25.1 versus 25.9 kg/day). Weight change was positive and similar for cows fed 

both meal types. 

(Key Words: Soybean meal, Processrng, Protem, Rumrnants.) 

65 
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Introduction 

Demands for nutrrents for mrlk synthesis are especrally hrgh for darry cows 

during the first 8 to 10 weeks of lactatron. During thrs trme, most cows are not 

able to consume enough dry matter to support maxrmum mrlk productron (Bines, 

1976; Clark and Davis, 1980; Huber and Kung, 1981) whrch results in mobrlization 

of energy and protein reserves from the body (Botts et al., 1979). Cows should be 

most responsive durmg thrs penod to an improved protem status. Alternative 

sources of protem have elicrted improvements durmg thrs perrod (Grummer and 

Clark, 1982; Santos et al., 1984). One avenue to rmprove protem status is to treat 

soybean meal to increase the fractron of protem whrch escapes rumina! 

destruction wrthout reducing protein digestiOn m the small mtestme (Crooker et 

al., 1983; Brookes, 1984; Vicente, 1984; Sahlu, 1984). 

Heat treatment of high quality protems can reduce protein solubility and 

mcrease performance of growing and lactating rummants (Gllmp et al., 1967; 

Nishrmuta, et al., 1974; Schmgoethe and Ahrar, 1979) but responses have not been 

observed consistently (Chapter IV). The objectrve of thrs study was to compare 

production of lactatmg cows fed regular processed soybean meal wrth productron 

of cows fed more extensively heat-treated soybean meal. Experimental desrgns 

may alter sensrtrvrty of thrs comparrson smce protem requrrements of lactating 

cows decrease raprdly as milk productron declines. Hence, a contmuous feeding 

study was used m this study. 

Materrals and Methods 

Soybean meals subjected to conventiOnal processmg and extra heat 

treatment were supplied by a commercial processor.1 The two soybean meals 

1F arm land Industrres, St. Lours, MO. 
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were manufactured by commercial methods through the ml extraction step. 

Following extraction, the solvent was removed by flash desolventizing involvmg 3 

to 10 seconds of exposure to superheated (177C) hexane vapor. Cooker 

temperature ranged from 79 to 116C with a maximum steam pressure of 704 

g/cm2. Meals were subJected to approximately 30 minutes of processmg In the 

cooker umt. Meals were classified by the processor as to the Protein 

Dispersibihty Index (POI, Paulsen, 1968). Conventionally processed SBM (CSBM) 

had a POI mdex of 40 whereas the more extensively heated SBM (HSBM) had a POI 

value of 10. The value of extra heat treatment was determmed by the in situ 

dacron bag procedure and further exammed In a contmuous feedmg trial with 

lactatmg dairy cows. 

In Situ Experiment 

A dacron bag procedure was used to compare dry matter (OM) and mtrogen 

disappearance of the feed grade (FSBM), CSBM and HSBM. Feed grade SBM was 

obtamed from the Umversity feed mill for comparison with the two meals 

received from the commercial manufacturer. Approximately 7 g of SBM were 

placed m each 17 by 9 em bag with pore sizes rangmg from 50 to 75 microns. 

Bags were constructed from dacron cloth (100% dacron polyester, R102 

Marvelaire White; Erlanger, Blumgart and Co., Inc., 1450 Broadway, New York, 

New York 10018). A smgle piece of dacron cloth measurmg approximately 17 x 

18 em was folded in half and double sewn along two of the open edges with 

polyester thread. The substrate samples were mserted through the top of the bag. 

Waterproof glue (Duco cement, DuPont Co., Wilmmgton, DE 19898) was 

applied to the sewn area to prevent particulate loss through the needle holes. All 

cut edges were smged with a hot spatula to prevent fraymg m the rumen. Bags 

had a surface area of approximately 306 cm2• PriOr to filling, bags were machme 
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washed and dried for 24 hrs at lOOC, cooled m a dessicator and weighed. After 

addition of samples, bags were t1ed with nylon yarn. Bags were Individually tied 

to the end of a 60 em yarn cord and grouped by time. Individual bags were labeled 

with a waterproof marker. Approximately 5 em from the end of the cords a 30 g 

steel nut was used to weight the bags and cord. 

Sample bags m duplicate were incubated m the ventral sac of the rumen for 

4, 12, and 20 h. Bags were washed under a stream of tap water (approximately 

26C) until rinsmg water was clear. Washmg time averaged approximately 150 

sec/bag. Bags were dried in a forced air oven for 48 hours at 60C, cooled in a 

dess1cator and weighed. 

For .!!l situ incubation, one lactating ruminally cannulated cow approximately 

700 kg was fed a diet consisting of 60% concentrate, 28% sorghum silage and 12% 

prairie hay (Table 1). Feed mtake was high (3% of body weight daily) and the cow 

was fed three times daily at 0300, 1100 and 1900 hours to stabilize rummal 

cond1 t10ns. 

Nitrogen by macro Kjeldahl N analysis, and dry matter determmation 

followed A.O.A.C. (1975) procedures. Disappearance of dry matter (OM) and 

mtrogen (N) were calculated as follows: 

% DMD = [ m1t1al substrate dry wt - residual dry wt] x 100/ 

mit1al substrate dry wt 

% NO = [ imt1al substrate N content - residual nitrogen content x 100/ 
Initial substrate N content] 

Lactation Trial 

Forty lactatmg dairy cows were used m the contmuous feedmg trial to 

compare (1) solvent extracted soybean meal (CSBM) With (2) soybean meal 

subjected to more extensive heatmg durmg processmg (HSBM). These two 
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products were mixed into the concentrate portion of diet prior to combming the 

complete dtet ingredients (Table 2). Cows were divided by production level mto 

two groups and fed two levels of protem (Table 3) usmg each of the two protem 

sources. Rattan dry matter consisted of 60% concentrate mtx, 28% sorghum 

silage and 12% prame hay. Test proteins comprised approximately 53% of the 

total dietary protem for the high production group and 47% of the total dtetary 

protem for the lower production group of cows m this study but calculated energy 

content (NE1) was constant. The concentrate to forage ratio was adjusted to 

mimmtze overfeedmg of protem as milk production declined over the lactation 

pert ad. 

Rattans were formulated so that protein mtake would be sufficient to meet 

90% of the crude protem specified by the 1978 National Research Council (NRC) 

feeding standard (Table 4) for all cows. The higher protem diets were fed to cows 

mittally producmg 31 kg or more of mtlk datly, whereas the lower protein diets 

were fed to cows with lower production. For the higher producmg cows, crude 

protem mtakes exceeded NRC (1978) recommendations, especially durmg the 

second 4-wk period of the trial (Table 4). This was because milk yield declined 

faster than anticipated for cows fed the higher protem rattan. 

Approximately 4-wk postpartum, cows were adjusted to a typical datry 

rattan of concentrates, sorghum stlage and prame hay with a 60:40 concentrate to 

forage ratio and paired withm two production groups. The higher production group 

consisted of cows producmg over 31 kg milk/day durmg the 5 days prior to 

imtiatmg the study whereas cows m the lower group produced 24 to 30 kg 

milk/day durmg th1s penod. For treatment comparisons, production was measured 

weekly durmg the 16-wk experiment. 

The amount of feed provided was equal to that needed to meet energy 

reqUirements based on stze of cow, age and production durmg the prelimmary 
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period. The concentrate to forage ratio was adjusted for the entire group of cows 

at the end of each period based on the expected decrease In milk production. 

Cows received their completely mixed ration in Individual stalls twice daily. 

Enough feed was offered to each cow so that some arts accumulated every day. 

When arts exceeded 10% of the feed offered on 2 or 3 days durmg a given week 

for any cow, the amount of feed presented to the cow was reduced. 

Orts were collected and refrigerated daily and composited weekly. 

Composite feed concentrate mixtures, sorghum silage and prairie hay and arts 

samples were dried to a constant weight at 40C, ground m a Wiley mill (2 mm 

screen) and sampled for laboratory analyses. Laboratory analyses included dry 

matter and total protein (A.O.A.C., 1975). Milk yields of Individual cows were 

recorded twice daily. Milk samples were collected at four consecutive milkmgs 

each week for milk fat and total protem analysis. Milk fat was determmed with a 

Mark II Milk-O-Tester (A/S N. F ass Electnc, Denmark) and milk protein 

percentage was determined durmg the fourth week of each penod by the Kjeldahl 

method (A.O.A.C., 1975). Cows were weighed on 3 consecutive days at the end of 

the preliminary adjustment period and at the end of each period of the trial. 

Results and Discussion 

In Situ Experiment 

Laboratory analysis failed to detect a quantitatively important difference 

between CSBM and HSBM in nitrogen (N) solubility. Nitrogen solubility m .15 M 

NaCl (Waldo et al., 1979) was 11.2% of total N m the HSBM versus with 19.3% for 

the CSBM meal. Though these differences were larger than in a previous study 

(Chapter IV), they were not as large as differences reported by Netemeyer et al. 

(1982), I.e., 8.1 versus 24.6%. The difference between CSBM and HSBM m.!.!:!. situ 

disappearance of dry matter (OM) and mtrogen also were not significant (Table 
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5). Heat treatment tended to increase rates of DM and N disappearance. As in 

previous work reported m Chapter IV, HSBM had a higher rate of N disappearance 

than CSBM. 

Lactation Trial 

Voluntary dry matter mtakes by cows were slightly but not significantly 

greater for cows fed HSBM at both production levels (Table 6). Total protein 

mtake was slightly above NRC (1978) proposed protem requirements for cows at 

high production levels and slightly below proposed requirements for lower 

producmg cows (Table 4). Netemeyer et al. (1982) observed a positive response to 

feeding heat treated soybean meal when protem mtake exceeded NRC (1978) 

requirements by 30%. But in a continuous feeding trial by Grummer and Clark 

(1982), milk yields of cows were not altered by nitrogen solubility of soybean meal 

flakes. 

Gross efficiency of feed utilization for milk production (milk yield per unit 

of dry matter consumed) differed With milk production level (Table 6) tending to 

be Improved by HSBM only with the higher production group. Total milk yield for 

the entire experiment was slightly higher for the cows in the high group fed HSBM 

than for cows fed CSBM. For cows m the lower production group, daily milk yield 

of cows Initially assigned to receive HSBM was higher than that of cows fed CSBM 

(Figure 1) and no benefit was apparent from the heat treatment of soybean meal. 

For the higher productiOn group, milk yield of cows fed both types of SBM were 

similar at the start of the trial and yield tended to be higher from cows fed HSBM 

(Figure 2). In nine of the ten pairs m the high production group, production was 

greater from HSBM than CSBM though the overall treatment means were not 

signifiCantly different. Milk composition was not affected by treatment (Table 

6). Weight change was positive but similar for cows fed both meal types 
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reflecting that energy mtake by cows in all groups was adequate. 

In conclusion, heat treatment of SBM tended to mcrease feed intake and 

mtlk yteld wtthout changing mtlk compos1t10n of htgh producmg cows even though 

heat treatment fatled to reduce degradatiOn rate in situ. Reasons for lack of 

benefit at lower production levels remain to be determined. Perhaps protein 

requirements spectfied by NRC (1978) are excesstve for low-producmg cows but 

madequate for htgh producmg cows. At lower protein levels, increasmg protein 

escape could be deleterious tf adequate levels N are not provtded for mtcrobial 

protem synthests. Spec1 ftc procedures to manufacture and pre-test a heat-treated 

soybean meal for high producmg datry cows need to be established. 
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Table 1. INGREDIENT COMPOSITION AND PROTEIN CONTENT OF DIET DRY MATTER 
FOR COW USED FOR IN SITU DACRON BAG EXPERIMENTa 

Item 

Ingredient 

Corn, ground 

Soybean meal 

Sorghum, grain 

Molasses, cane 

Dicalcium phosphate 

Salt, trace mineralc 

Sorghum s i 1 age 

Prairie hay 

Protein, % of CM 

aContained 13.6% protein. 

blnternational reference number. 

4-21-018 

5-04-604 

4-04-383 

4-04-696 

6-01-080 

3-04-468 

1-03-191 

% 

30.0 

13.5 

10.5 

4.5 

1.2 

.3 

28.0 

12.0 

13.6 

cMorton Salt Co., Chicago, IL 60606; contained as a percentage: 
NaCl not more than 97%, not less than 92%. 
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Table 2a. INGREDIENT COMPOSITION AND CHARACTERISTICS OF CONCENTRATE 
DRY MATTERa 

Item 

Ingredient, % 

Corn, ground 

Soybean meal 

Molasses, cane 

Dicalcium phosphate 

Limestone 

S 1 • 1 c a t, trace m1nera 

Calculated composition crude 
protein, % 

Net energy (NE£), Meal/kg 

4-21-018 

5-04-604 

4-04-696 

6-0l-080 

6-02-632 

aDry Matter Basis. 

blnternational reference number. 

Protein Group 
High Low 

66 

26 

5 

17.8 

1.82 

72 

20 

5 

16.0 

1.83 

cMorton Salt Co., Chicago, IL 60606; contained as a percentage: 
NaCl not more than 97%, not less than 92%. 



Table 3. INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIET DRY MATTERa 

Item 

Ingredient, % 

Corn, ground 

Soybean meal (PDI-40) 

Soybean meal (PDI-10) 

Molasses, liquid 

Dicalcium phosphate 

Limestone 

Salt, trace mineralc 

Sorghum s i 1 age 

Prairie hay 

Measured protein, % DM 

Solubility of SBM-N in .15M NaCl 

NE£ (Meal/kg of DM), calculated 

IRNb 

4-21-018 

5-04-604 

5-04-604 

4-04-696 

6-01-080 

6-02-632 

3-04-468 

1-03-191 

aDry Matter Basis. 

blnternational reference number. 

PDI-40 

43.2 

12.0 

3.0 

.6 

.6 

.6 

28.0 

12 

14.3 

19.3 

1.68 

Low 
Protein Level 

High 
PDI-10 PDI-40 PDI-10 

43.2 

12.0 

3.0 

.6 

.6 

.6 

28.0 

12 

14.6 

11.2 

1.68 

39.6 

15.6 

3.0 

.6 

.6 

.6 

28.0 

12 

16.8 

19.3 

1.68 

39.6 

15.6 

3.0 

.6 

.6 

.6 

28.0 

12 

17.0 

11.2 

1.68 

cMorton Salt Co., Chicago, IL 60606; contained, as 
a percentage: NaCl not more than 97%, not less than 
92%. 

-.....! 
V1 



76 

Table 4. PROTEIN INTAKE OF COWS RELATIVE TO NRC STANDARD 

Period of Experimenta 
Item 2 3 4 

----------------------- % -----------------------
Low Group 

SBM PDI-40 

SBM PD 1-10 

High Group 

SBM PD 1-40 

SBM PDI-10 

75 

81 

100 

105 

91 

98 

1 17 

115 

aEach period represents 4 weeks of the trial. 

97 

107 

104 

108 

85 

95 

105 

102 
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Table 5. DISAPPEARANCE OF DRY MATTER (DM) AND NITROGEN (N) FROM SOYBEAN 
MEAL TYPES (SBM) PLACED IN DACRON BAGS AND SUSPENDED IN THE 
RUMEN 

Exposure SBM Type 
Time, h FSBM HSBM CSBM 

DM disappearance, %a 0 29.2 24.8 23.9 
4 36.8 38.4 35. 1 

12 48.7 54.2 48.3 
20 70.9 73.8 68.0 

Residue slope, 
%/hb - 2. 1 - 2.2 - 2. 1 
%/he - 4.9 - 5.3 - 4.4 

N disappearance, %a 0 6.0 7.3 8.6 
4 12.4 20.5 11.9 

12 19.5 32.4 24.5 
20 49.8 64.5 49.1 

Residue slope, 
%/hb - 2.3 - 2.8 - 2.3 
%/he - 3.5 - 5.0 - 3.4 

a Each value is an mean of two observations. 
bL. 1near 
cL . h ' ogar1t m1c 
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Table 6. EFFECT OF HEATING SOYBEAN MEAL ON RESPONSES OF COWS 

Production Group 
Low High 

Item CSBM HSBM CSBt-1 HSBM SE 

Number of cows 10 10 10 10 

Dry matter intake, kg/day 19.6 19.9 22.6 22.9 .33 

Total protein intake, kg/day 2.8 2.9 3.8 3.9 .06 

Protein intake, % of DM 14.3 14.6 16.8 17.0 

Weight change, kg/day .43 .44 .49 . 51 . 17 

Milk Yield 

Milk, kg/day 25.9 25. 1 31.0 33.5 . 31 

Fat, % 3.8 3.7 3.6 3.6 .06 

Protein, % 3. 10 3. 17 2.96 2.98 .05 

M i 1 k efficiency 1. 32 1. 26 1. 37 1. 46 . 01 

FCM 25.1 24.0 29. 1 31.5 .02 
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CHAPTER VI 

INFLUENCE OF HEAT TREATMENT OF SOYBEAN MEAL 

ON RUMINALNITROGEN ESCAPE AND UTILIZATION 

BY LACTATING DAIRY COWS 

Summary 

Five lactating datry cows with duodenal T -type cannulas were fed diets 

contatmng etther feed grade SBM (CSBM) or heat treated (HSBM) to estimate feed 

nitrogen bypassing rummal degradation under typtcal production conditions in a 

replicated crossover experiment yielding 10 observations per mean. Diet dry 

matter consisted of 60% concentrate, 12% prame hay and 28% sorghum silage 

formulated to provide 1.68 Meal NErfkg. Nitrogen solubility of the soybean meals 

was 11.2 and 19.3% of total mtrogen and protem from SBM accounted for 61% of 

the total protem mtake. Orgamc matter digestiOn coefficients were similar in the 

rumen (55.0 versus 52.5), post-rummally (37 .1 versus 37 .6) and m the total tract 

(72.4 versus 71.5). Dry matter mtakes, milk yteld and chemtcal compositiOn were 

similar between treatments and total N entering duodenum, miCrobial N and 

ammonia N were also similar. Feed mtrogen escapmg rumina! degradation was 

slightly htgher for HSBM than CSBM diet (58.1 versus 56.1 %). The dtfference 

between dtet duodenal feed nitrogen dtvtded by amount of feed mtrogen for the 

CSBM diet calculates to equal 2.8% htgher rummal protem escape with heat 

treatment. Mean cow response wtth regard to dtetary N was similar m the rumen 

(34.7 versus 31.8%), post-rummally (62.7 versus 62.1 %) and m the total tract (71.3 

versus 69.8 for the CSBM and HSBM diets.). The extra heatmg of SBM used under 
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the production conditions of this study did not sigmficantly increase rumina! 

escape of feed protem. 

(Key Words: Soybean meal, Rumen, Nitrogen bypass, Processing.) 

Introduction 

Considerable mterest has been shown in modifymg protems to mcrease their 

resistance to microbial attack and loss in the rumen (Chalupa, 1975; Huber et al., 

1981; Santos et al., 1984). The value of dietary protem to rummants IS mfluenced 

largely by the proportion of the protein escapmg rummal degradation. Heat 

treatment may improve protein utilization m ruminants by mcreasmg rummal 

escape. Heat-treated protems that are relatively resistant to rumina! degradation 

yet available in the small mtestme are desirable for supplementation of young 

growing rummants and high producmg dairy cows (Sherrod and Tillman, 1962; 

Mielke and Schmgoethe, 1981; Netemeyer et al., 1982). 

Solubility was substantially decreased when plant proteins were extensively 

heated (Glimp et al., 1967; Nishimuta et al., 1972; Tagari et al., 1962). Protem 

degradatiOn m the rumen also was reduced by heatmg (Yu, 1978; Broderick and 

Craig, 1980; Lmdberg et al., 1982). Rummal degradation of protem m seed meals 

can be reduced by supplymg extra heat during pressure or solvent extraction of oil 

from the seed. Factors such as heatmg time, temperature and feed flow rate are 

important to optimize the conditiOns for rummal protection. A poor combmation 

of these factors may overprotect a protem so that It is neither fermented m the 

rumen nor digested m the small mtestme. 

Nutnent mtake and body stores have a tremendous mfluence on peak 

lactation and persistency of lactation m dairy cows. Broster and Strickland (1977) 

demonstrated that with every kilogram mcrease In peak milk production, milk 

yield durmg the entire lactatwn period mcreased by 200 kg. Protem often-times 
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becomes a hmitmg nutrient m early lactation, especially with high producmg 

cows. Increasmg total protem percentage of the diet m early lactation, has not 

always mcreased milk production. The amount and type of protein, genetic 

potential of cows and management factors could certamly affect response 

(Foldager and Huber, 1979). 

The obJective of our study was to measure rummal escape of feed mtrogen 

m diets containing commercially prepared regular and more extensively heated 

soybean meal. 

Materials and Methods 

Soybean meals prepared by the flash desolventizmg system and classified 

accordmg to protem dispersibility mdex (POI) were obtamed from a commercial 

manufacturer1• POI is a measurement of the degree of heat treatment as 

described by A.O.C.S. (1969). The lower the POI value the greater the heat 

treatment. More extensively heat treated soybean meal (HSBM) with a POI of 10 

and regular soybean meal (CSBM) with a POI of 40 were fed m a rumina! nitrogen 

escape study to measure the amount of feed nitrogen that escaped degradation in 

the rumen. Diets were formulated to provide 1.68 Meal net energy for lactatron 

(NE1) per kg of dry matter (Table 1). Soybean meals (SBM) comprrsed 31% of the 

total concentrate mixture used m the study (Table 2) and protem from SBM 

accounted for 61 per cent of the total protem mtake. Diets were formulated to 

meet Natrona! Research Council (NRC, 1978) feeding standards. Diet dry matter 

consrsted of 60% gram mix, 28% sorghum srlage and 12% prairre hay. 

1F armland Industries, St. Lours, MO. 
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Prior to imtiat10n of the study, five mature cows (four Holstem and one 

Ayrshire) approximately 546 kg were fitted with T -type cannulas in the duodenum 

proximal to the bile duct. These lactatmg cows were used to estimate the amount 

of feed mtrogen escapmg rummal degradation under typical production 

parameters. Post-calvmg, cows were adjusted to diets with a 60:40 concentrate 

to forage ratio and were contmued on diets with this percentage of concentrates 

throughout the study from week 4 to 22 of lactation. 

In a replicated crossover design as described by Anderson and Mclean 

(1974), diets with chromic oxide (.2% of OM) as the mdigestible marker were fed 

m equal portions every 8 hours. Cows were fed m mdividual stalls three times 

daily (0300, llOO, 1900 hours) and feed weights were recorded daily. Cows were 

fed diets 2 wks prior to each two 4-day sampling period. Duodenal and fecal 

samples were obtained at 0300, llOO and 1900 hours on day 4 through day 7 of 

each samplmg period. To obtam fecal samples, cows were induced to defecate 

and the last portion of feces excreted was taken as the sample. On day 4 through 

7, approximately 250 ml of duodenal digesta and 250 g wet feces were collected. 

Samples from each cow Withm each sampling period were composited on an equal 

wet basis and dried for 48 hours m a 60C forced air oven. Feed samples were 

obtamed daily for each sampling period and composited withm each animal and 

period. All samples were ground m a Wiley Mtll fitted with a 2 mm screen and 

stored for future analysts. 

Durmg each period, 1500 to 2000 ml of stramed rumen fluid was collected in 

an iced flask for bacterial 1solat10n from a rumen cannulated cow fed each 

experimental dtet for 2 wks prior to sampling. Rumen fluid was strained through 6 

layers of cheesecloth, centrifuged at 200 g for 5 min. to remove feed particles and 

protozoa. The supernatant flUid was centrifuged at 30,000 g for 15 mm to 

precipitate bacteria. The pellet was washed twice, once with .9% saline solution 
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and once with deionized distilled water and recentrifuged at 30,000 g for 15 min 

after each washing. The pellet was then lyophilized and stored for later nucleic 

acid analysis. 

Each day 10% of the feed weighback was collected and refrigerated during 

each sampling period. At the end of each perrod, feed weighbacks were 

composited and sampled. Composite feed and arts samples were drred to a 

constant weight at 40C, ground in a Wiley Mill (2 mm screen) and stored for 

laboratory analyses. Samples of the concentrate mixtures, sorghum silage and 

sudangrass hay also were collected each week and analyzed for dry matter and 

total protem. Milk yields were recorded twice daily at 0700 and 1900 hours. Milk 

samples were collected for four consecutive milkings each week, composited by 

volume and analyzed for milk fat and total protem. A Mark II Milk-O-Tester (A/S 

N. Foss Electric, Denmark) was used to measure milk fat. Milk protem 

percentages were determined during the experimental collection week by the 

Kjeldahl method (A.O.A.C., 1975). 

Feed, duodenal and fecal samples were analyzed for dry matter (OM; lOOC 

for 24 hr), ash (600C for 12 hr), Kjeldahl nrtrogen (N; A.O.A.C., 1975) and 

chromium (Fenton and Fenton, 1979). Ammonra N was measured on the dried, 

ground duodenal samples by distilling the sample over magnesium oxide m a 

macro-Kjeldahl flask (A.O.A.C., 1975). Lyophilized bacterra and dried duodenal 

samples were analyzed for nucleic acid-N by the procedure of Zrnn and Owens 

(1982). Nucleic acid-N was used as a microbial marker. Daily amounts of non­

microbial OM and N flowmg past the duodenal cannula were calculated by 

subtractmg the microbial contribution from the total. Duodenal organrc matter 

(DOM) flow, corrected for the microbial contribution, was calculated from the 

corrected duodenal OM flow times duodenal organic matter percentage. Data 

were analyzed by the general linear models prodcedure of the Statistical Analysis 
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System (SAS, 1979), considering soybean meal, cow and period as main effects. 

Results and Discussion 

Dry matter and crude protein mtakes and body weight changes are presented 

in Table 3. Dry matter intake averaged 20.2 to 20.4 kg/day and was not 

significantly affected by diet. Since treatments were Identically formulated 

(Table 1) no differences m crude protem mtakes were expected. Body weight gain 

tended to be somewhat higher on the heat-treated diet. Average daily milk yield, 

milk fat, and milk protem for the treatments ranged from 24.9 to 25.0 kg., 3.16 to 

3.15% and 3.16 to 3.16%, respectively (Table 4). Production of FCM was almost 

Identical for cows fed with the two diets. 

Rumina! organic matter digestion, both unadjusted and adjusted for 

microbial OM contributions, for the two diets was similar (Table 5). The 

proportion of organic matter digestion occurrmg m the rumen was slightly lower 

for the heat treated diet than the regular soybean meal diet (74.5 vs. 76.3%). 

Extents of post-rumina! digestion and total tract organic matter digestion were 

similar (37 .1 vs. 37.6% and 72.4 vs. 71.5%, respectively). Apparent and true OM 

digestibilities mdicated that diets were similar m rummal fermentability as 

expected. 

Nitrogen intake, flows and digestibilities were determmed with chromic 

oxide as the mdigestible flow marker. Amounts of total N microbial N and 

ammonia entermg the duodenum were similar for both treatments (Table 6). Feed 

nitrogen escapmg rummal degradatiOn was slightly higher for HSBM than the 

RSBM diet (336 vs. 327 g/day, respectively). Assummg other diet Ingredients were 

equally degraded m the two diets, SBM N escape was increased by 2.8 percentage 

units by heat treatment. This change IS very small. Percentage of nitrogen 

digested m the total tract, was slightly lower with HSBM than for CSBM, but 
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generally similar to those of Crickenberger et al. (1979), Sachteleben (1980) and 

Kung et al. (1983). 

Microbial efficiency, g of microbial N/kg OM truly digested rn the rumen, 

was 13.5 and 14.1 for the two groups, and was not affected by soybean meal 

treatment. Bacterral efficiencies rn this study were lower than average values 

reported in a review by Stern and Hoover (1979) of 27g of microbial N synthesized 

per kg of OM truly digested in the rumen, though reported values ranged from 10 

to 49 g. Goetsch and Owens (1985a) reported mean values of 19.0 to 29.8 g 

microbial nitrogen/kg organic matter truly fermented rn the rumen. 

Digestibilities of N rn the total tract were compared to the calculated 

digestible protein from the standard relationship (percent digestible protein = .9 x 

percent crude protern-3; NRC, 1976) presented rn Table 6. Calculated values were 

extremely close to measured total tract N digestibilities. 

None of the nitrogen and organic matter parameters measured were 

significantly altered by heat treatment of SBM. The percentage of rumina! escape 

of total feed nitrogen was only slightly higher in cows fed extra heat SBM 

compared to the control group (58.1 vs. 56.1 %). Extra heatrng of soybean meal 

appeared to be rneffective rn protecting soybean meal from rumrnal degradation. 

Availability of the N rn the small intestrne was not measured, but post-rumina! 

digestion was not reduced. Plegge et al. (1982) suggested that roastrng decreased 

rumrnal degradation of soybean meal protem but did not significantly reduce post­

rumrnal availability. Rumrnal escape estimates for soybean meal from .!!::!. vivo 

experiments have been quite varrable rangrng from 15 to 61% (Hume, 1974; Zrnn 

et al., 1981; Loerch et al., 1983b). Most estimates have used surgically altered 

ammals fed restricted amounts of feed under steady state conditions; thus, the 

preceding means may not be applicable to lactating dairy cows. Rummal pH will 

influence solubility and degradabihty of soybean meal rn the rumen (Isaacs and 
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Owens, 1972; Wohlt et al., 1973; Loerch et al., 1983a). High levels of corn grain 

may reduce pH and mcrease the amount of regular soybean meal protem escapmg 

' 
rummal degradation and may have redued the response to heat treated SBM in thts 

experiment. 

Based on these data and those of a previous contmuous feeding trial, 1t 

appears that the heat-treated soybean meal obtained from Farm land Industries, 

St. Louts, MO, for thts particular tnal was not sufficiently treated to increase the 

amount of feed protein escapmg rumina! degradation. Nevertheless, the values 

obtamed on the percentage of feed protein escapmg degradation m the rumen of 

lactating cows consummg a 60% concentrate ration at the levels achieved in this 

trtal are of mterest. Thts study provided useful methods and reference pmnts for 

future tnals in which the extent of degradation of different sources of feed 

protem were estimated. 
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Table 1. INGREDIENT COMPOSITION AND CHARACTERISTICS OF DIET DRY MATTER 

Item I RNa CSBM 
Treatment 

HSBM 

Ingredients, % 

Corn, ground 4-21-018 36.57 36.57 

Soybean meal (PDI-40) 5-04-604 19.2 0 

Soybean meal (PDI-10) 5-04-604 0 19.2 

Molasses, cane 4-04-696 3.0 3.0 

Dicalcium phosphate 6-01-080 .6 .6 

Limestone 6-02-632 .6 .6 

Salt, trace mineralb .03 .03 

Sorghum silage 3-04-468 28.0 28.0 

Prairie hay 1-03-185 12.0 12.0 

Protein, % of DM 17.6 17.6 

Sol ubi 1 i ty of SBM-N in .15 M NaCl 19.3 11.2 

NE£ (Meal/kg of DM), calculated 1.68 1.68 

alnternational reference number. 

bMorton Salt Co., Chicago, IL 60606; contained, as a percentage; 
NaCl not more than 97%, not less than 92%. 



90 

Table 2. INGREDIENT COMPOSITION AND CRUDE PROTEIN CONTENT OF CONCENTRATE 
DIETSa 

I tern 

Ingredient, % 

Corn, ground 4-21-018 

Soybean meal PDI-40 5-04-604 

Soybean meal PDI-10 5-04-604 

Molasses, cane 4-04-696 

Dicalcium phosphate 4-01-080 

Limestone 6-02-632 

S 1 • I c a t, trace m1nera 

Crude protein, % 

aDry Matter Basis. 

blnternational reference number. 

Treatment 
CSBM HSBM 

61 .05 61 . 05 

31 .45 

31 .45 

5.0 5.0 

1.0 1.0 

1.0 1.0 

.05 .05 

23.4 23.2 

cMorton Salt Co., Chicago, IL 60606; contained, as a percentage; 
NaCl not more than 97%, not less than 92%. 
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Table 3. RESPONSES OF COWS FED REGULAR AND HEAT TREATED SOYBEAN MEAL 

Treatment 
Item CSBM HSBM SE 

Number of observations 10 10 

Feed Intake 

Dry matter, kg/day . 20.2 20.4 .23 

Total protein, kg/day 3.6 3.6 .05 

Protein, %of DM 17.8 17.6 

Weight change, kg/day 0.7 1.6 .63 
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Table 4. YIELD AND COMPOSITION OF MILK OF COWS 

Treatment 
Item CSBM HSBM SE 

Mi 1 k, kg/day 24.9 25.0 .81 

Fat, % 3.16 3.16 .04 

Protein, % 3. 16 3.16 .04 

a FCM , kg/day 21.4 21.5 .39 

Milk/feed OM 1.23 1.23 

aFCM = 0.4 (kg milk/day) + 15 {kg fat/day). 
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Table 5. ORGANIC MATTER DIGESTION IN COWS FED REGULAR AND HEAT TREATED 
SOYBEAN MEAL 

Treatment 
Item CSBM HSBM SE 

Intake, g/d 18784 18966 

Leaving abomasum, g/d 

Total 8405 8832 280.7 
Non-microbial 7243 7643 244.2 

Ruminal digestion, % 

Unadjusted 55.0 53.3 1.2 
Adjusted 55.0 52.5 1.2 

Ruminal digestion 

% of total 76.3 74.5 1.6 

Feces, g/d 5188 5337 101 . 9 

Post-rumina1 digestion % of input 37.1 37.6 1.7 

Total tract digestion, % ]2.4 71.5 0.5 



Table 6. NITROGEN (N) DIGESTION IN COWS FED REGULAR AND HEAT TREATED SOYBEAN MEAL 

Intake, g/d 

Total 
SBM-N 

Item 

Leaving abomasum, g/d 

Total N 
Microbial N 
Ammonia 
Non-ammonia, non-microbial 

Feed N Bypass, % 

Ruminal digestion, % 
Unadjusted 
Adjusteda 

Microbial efficiency, g 

Microbial N/kg OM truly digested 
in rumen 

Rumina! digestion, % of total 

Feces, g/d 

Post-ruminal digestion, % of input 

CSBM 

578 
353 

453.2 
99.8 
26.4 

327.0 

56. I 

21.8 
34.7 

14. 1 

30.2 

166.8 

62.7 

Treatment 
HSBM 

577 
352 

467.6 
102.9 
28.7 

336.0 

58. 1 

18.7 
31.8 

13.5 

26.7 

172.9 
62. 1 

SE 

14.5 
3.6 
0.9 

1.48 

1.9 
1.7 

.3 

2.6 

3.8 

6.3 

p 

.62 

.67 

.24 

.68 

.42 

.40 

.42 

.so 

.43 

. 75 

1..0 
~ 



Table 6 (Continued) 

Item 

Total tract digestion, % 

Expected total digestionb, % 

CSBM 

71.3 

73.2 

aAdjusted for microbial and ammonia nitrogen. 

Treatment 
HSBM 

69.8 

73.0 

SE 

0.5 

bCalculated as% digestible protein = [.9 (%crude protein) -3]/% crude protein. 

p 

• 13 

\.0 
V1 



CHAPTER VII 

SOYBEAN MEAL N RUMINAL ESCAPE, TURNOVER RATE AND 

IN SITU DISAPPEARANCE IN LACTATING COWS ---
FED DIETS AT TWO CONCENTRATE 

TO FORAGE RATIOS 

Summary 

Diets with two concentrate to forage ratios, with or without feed grade 

soybean meal (SSM) were fed to six lactating dairy cows with duodenal T -type 

cannulas m a 2 x 2 factorial design. SSM labeled with Yb was used to predict SSM 

passage rate. Using the .!r!_ situ dacron bag procedure, dry matter (DMD) and 

nitrogen disappearance (NO) rates were measured m the rumen of a cannulated 

cow. Diets consisted of concentrate with SSM or urea, sorghum silage and alfalfa 

hay with concentrate at 65 and 35% of diet dry matter. Dry matter mtake ranged 

from 16.2 to 18.4 kg/day while milk yield ranged from 19.3 to 23.1 kg. Of the SSM 

mtrogen fed, 46 and 18% escaped rummal digestion with 65 and 35% concentrate 

diets. Post-rummal N digestion (% of mput) ranged from 62c to 75%. Rumen 

turnover rates for SSM were 8.7 and 8.3%/h for 65 and 35% concentrate diets. 

Logarithmically estimated degradation rates of SSM nitrogen were 5.3 and 10.7 

for the 65 and 35% concentrate diets, respectively while N solubility m saline was 

9.8%. Predicted SSM mtrogen escape, base on these passage and degradation 

rates and solubilities were 56.1 and 39.3 for the 65 and 35% concentrate diets, 

respectively. 

(Keywords: Soybean meal, Nitrogen, Escape, Rummants.) 
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Introduction 

Estimates from in vivo trials of soybean meal (SBM) mtrogen escaping ---
rum mal degradation range from 10 to 61% (NRC, 1985). Some of this variation is 

due to differences in ch01ce of inherent and microbial markers as well as to the 

method of calculation. Escape can be estimated by regression or by comparison 

with a basal diet which may or may not be Isocaloric and isonitrogenous with the 

test diet. Application of a single escape estimate to formulate diets for dairy 

cattle remains tenuous due to this variation. Further, extent of protein 

degradation m the rumen IS not a constant but has been shown to vary with dietary 

factors (dry matter intake and feed particle size) which in turn alter rummal pH 

and passage rate (Weakley, 1983). Estimates of the amount of SBM nitrogen 

escapmg rumina! degradation With one exception were derived from trials with 

steers or lambs. The only dairy cow trial by Goetsch and Owens (1985) estimated 

35% rumina! protein escape of SBM but was based on an assumed escape value for 

corn grain. 

The two factors which dictate how much protem escapes degradation are 

residence time of feed protein m the reticula-rumen and rate of proteolysis. 

Proteolytic rate can be estimated by .!!l situ procedures, but retention time of 

soybean meal in the rumen of lactatmg cows needs to be determmed .!!l vivo to 

estimate protein escape. Passage rates of SBM were estimated at 8.4%/h (Erdman 

et al., 1984) m dairy cows fed a 50% concentrate diet, and 3.2%/h and 4.1 %/h 

(Teeter, 1981) m steers fed a 84% concentrate and 10% concentrate diet. In situ 

estimates of escape have proven useful previOusly to predict escape (Zinn and 

Owens, 1983). Escape values (E = kp/(kp + kd) were calculated by combmmg rates 

of passage (kp) and digestion (kd) with and without substraction for soluble N. 
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The objectives of this study were to directly estimate the fraction of 

soybean meal protein which escaped rummal degradation and compare this with 

estimates based on .!!l situ digestion and rummal turnover rates. 

Materials and Methods 

Two months prior to calvmg, six dairy cows were surgically prepared with T­

type cannulae in the doudenum proximal to the pancreatic and blle ducts. Cows 

were assigned to four treatments in a 2 x 2 factorial design (Snedecor et al., 

1980). Experimental diets consisted of two concentrate to forage ratios; 65:35 

and 35:65. Periods lasted 2 wk each With the first 9 d for adaption to diets with 

data collection the last 5 d. Twelve days were allocated for adaptation to diets 

when the concentrate to forage ratio was changed. 

Diet mgredients consisted of a concentrate mixture, alfalfa hay and sorghum 

silage (Table 1). Ingredients were selected to typify those ingredients used under 

practical management conditions. The concentrate mixture consisted of ground 

corn plus either soybean meal that had been processed m a conventional manner or 

urea plus corn starch (Table 2). Of the total N m SBM, 9.8% was soluble m .15N 

saline solution. Diets were formulated so that the percentage of corn remained 

constant between test diets. Formulat10n of diets in this manner permitted 

soybean meal escaping rummally degradation to be estimated by difference. 

Concentrate, alfalfa hay and sorghum sllage were fed to cows as a complete 

mixture at 0400 and 1800 hours each day. Chromic oxide was added to the 

concentrate portion of the diet at levels to be equal to .2% on a dry matter basis 

of the total mixed ration to provide a digesta flow marker. Indigestible neutral 

detergent fiber (INOF) was used as a marker to calculate duodenal digesta flow of 

orgamc matter and nitrogen (Goering and Van Soest, 1970). Each day, 10% of the 

feed weighback was collected and refrigerated. Composite feed and arts samples 
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were dried to a constant weight at 40C, ground in a Wiley mill (2 mm screen) and 

stored for laboratory analyses. Samples of the concentrate, sorghum silage and 

alfalfa hay also were collected each week and analyzed for dry matter and total 

protein. Milk yields were recorded twice daily at 0600 and 1800 hours. Milk 

samples were collected for four consecutive mllkmgs each week, composited by 

volume and analyzed for milk fat and total protem. Milk fat content was 

determined using a Mark II Milk-O-Test (A/S N. Foss Electric, Denmark). Milk 

protein percentages were determined durmg each collection period by the Kjeldahl 

method (A.O.A.C., 1975). 

Duodenal and fecal samples were collected at 0600, 1000 and 1400 hours 

from each cow for three and five consecutive days, respectively. Approximately 

250 ml of duodenal digesta and 250 g wet feces were collected each day. To 

obtam fecal samples, cows were induced to defecate and the last portion of the 

feces excreted was taken as the sample. Samples from each cow within each 

sampling period were composited on an equal wet basis and dried for 48 h in a 60C 

forced air oven. Feed, duodenal and fecal samples were analyzed for dry matter 

(OM; lOOC for 24 h), ash (600C for 12 h), Kjeldahl mtrogen (N; A.O.A.C., 1975) 

and chromium (Fenton and Fenton, 1979). Ammonia N was measured on the dried, 

ground duodenal samples by distillation over magnesium oxide m a macro-Kjeldahl 

flask (A.O.A.C., 1975). 

A rumen fistulated cow was randomly assigned to a treatment sequence of 

the diets used in the experiment. Durmg each period, 1500 to 2000 ml of stramed 

rumen fluid was collected for IsolatiOn of bacteria. Rumen fluid was centrifuged 

at 200 g for 5 min. to remove feed particles and protozoa. The supernant fluid 

was centrifuged at 30,000 g for 15 mm. to precipitate bacteria. The pellet was 

washed once with .9% saline solution and once with deiomzed distilled water and 

recentrifuged at 30,000 g for 15 min. after each washmg. The pellet was then 
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lyophilized and stored for analysis of total N and for nucleic acid-N by the 

procedure of Zmn and Owens (1982). 

On day two of each collection period, the rumen cannulated cow was used to 

evaluate m situ digestibility of mdividual diet components (alfalfa hay, sorghum ---
silage and SBM) using a dacron bag procedure. Substrate samples weighing 

approximately 1 g were placed m 8 x 12 em bags with pores between 50 to 75 

microns in diameter. Bags were constructed from dacron cloth (100% polyester, 

R102 Marvelaire White; Erlanger, Blumgart and Co., Inc., 1450 Broadway, New 

York, New York 10018) using a smgle piece of matenal measurmg approximately 

8 x 24 em that was folded in half and double sewn along two of the open edges 

with polyester thread. The top was left open for sample msertwn into the bag. 

Water-proof glue (Duco cement, DuPont Co., Wilmmgton, DE 19898) was 

applied to the stitched area to prevent loss of small particles through the needle 

holes. All cut edges were singed with a hot kmfe to prevent fraying in the 

rumen. The constructed bags had a surface area of approximately 192 cm2• Prior 

to filling, bags were machine washed and dried for 24 h at lOOC, cooled in a 

dessicator and weighed. After addition of samples, bags were tied with nylon 

yarn. Bags were Individually tied to the end of a 60 em yarn line and grouped by 

time. Individual bags were labeled with a waterproof marker. Approximately 5 

em from the end of the line, a 30 g steel nut was tied to weight the bags down. 

Sample bags m duplicate were incubated m the ventral sac of the rumen. 

Bags were Introduced at the same time and withdrawn at respective mtervals to 

standanze time after feedmg effects. Bags were washed under a stream of tap 

water (approximately 26C) until the rinsmg water was clear. Washing time 

averaged approximately 150 sec/bag. Bags were dried m a forced air oven for 48 

h at 60C, cooled m a dessicator and weighed. Bag contents were analyzed for 

total N by Kjeldahl procedure (A.O.A.C., 1975). 
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On day 5 of each collection period, 250 g of soybean meal labeled With 

ytterbium as described by Teeter (1982) were fed to each intestinally cannulated 

cow. Starting 12 h post feedmg, approximately 400 ml of duodenal digesta was 

collected every 12 h for 2 d. Duodenal samples were analyzed for Yb according to 

Ellis (1982). On day 7 of the collection period, approximately 250 mls of rumen 

fluid was collected by stomach tube from each mtestinally cannulated cow. 

Samples were acidified With sulfuric acid and analyzed for ammoma (A.O.A.C., 

1975). 

Results and Discussion 

Laboratory and In Situ Analyses 

In situ nitrogen disappearance (NO) for soybean meal, alfalfa hay and 

sorghum silage (Table 3) tended to be higher when the low concentrate diet was 

fed (OM and NO plots of feed substrates are presented in Appe":ldix B). Protem 

content and diet composition presumably altered the rummal flora or fauna 

enough to alter rate of disappearance. Generally, in situ disappearance of plant 

protems IS greater with roughage than with concentrate diets (Weakley, 1983). 

Alfalfa hay N and DMD were variable across expenmental diets (Table 3). 

Miller (1982) and Barrio (1984) reported similar values for OM and N 

disappearance at 24 h. Disappearance of N and OM from soybean silage were 

lower with the 65% concentrate than the 35% concentrate diet. In contrast, 

Barrio (1984) reported lower NO and DMD of sorghum silage with a 60% 

concentrate diet than for a 80% concentrate diet. Analytical problems associated 

with microbial attachment to feed complicated estimation of NO at 24 h. Why 

the sorghum silage NO and DMD were higher w1th the 35% than the concentrate 

diet are presumably not due to pH smce rummal pH m this study was similar for 

the two diets (6.8 versus 7 .0). 
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Rummal passage rates for soybean meal labeled With ytterbium ranged from 

7.9 to 8.7%/h. This is higher than the 4.9%/h reported by Stern et al. (1983) for 

lactating dairy cows ad libitum fed a basal diet of 60% alfalfa hay and 40% 

concentrate (Table 4) but similar to an estimate of 8.4%/h from Erdman et al. 

(1984). They fed lactating cows diets contaimng 30% corn silage, 10% alfalfa 

haylage, 10% alfalfa hay and 50% concentrate (OM basis). The SBM rumina! 

passage rate m the present trial tended to be higher With the high concentrate 

diet than with low concentrate diet, means were not statistically different 

(P > .95). 

Rates of NO from soybean meal .!.!:!. situ tended to be higher if SBM was 

included m the diet. Loerch et al. (1983) also reported that NO from SBM in situ 

was greater With SBM in the diet. This may reflect microbial adapt10n to degrade 

SBM or overall changes m microbial activity m the rumen with SBM in the diet. 

One can predict rummal escape of N from SBM usmg the equation 

where kp and kd are fractional passage and digestion rates. Usmg values from 

Tables 3 and 4 as applied to total N m SBM, predicted escapes values are 62 and 

44%. If soluble N of SBM IS deducted prior to calculations, predicted escape 

values are 56 and 39%, respectively. 

In VIvo Trial 

Mean dry matter (OM) mtake ranged from 16.2 to 18.4 kg/day for the 

treatment groups (Table 5). OM mtake was highest (P < .01) for cows receivmg the 

low concentrate level with urea supplementation. OM mtake may have been 

higher to compensate for the lower crude protem content and caloric density of 
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the diet. Body weight gam tended to be greater with the high concentrate diets. 

Rumina! ammonia levels tended to be higher with the lower concentrate diets and 

with soybean meal in the diet. Added corn starch may have increased ammonia 

use by rumina! microbes and decreased ammonia concentrations in the rumen. 

Mean daily milk yield, milk fat and milk protem for the experimental diets 

ranged from 19.3 to 23.1 kg, 3.7 to 3.8% and 3.4 to 3.8%, respectively (Table 6). 

Mean milk yield tended to be higher In the high concentrate diets reflecting the 

higher protem and caloric density of these diets versus the low concentrate 

diets. FCM production was higher for cows fed the 65% than for those fed the 

35% concentrate diet (P >.02). 

Duodenal flow of OM was variable across diets (P > .37) and non-microbial N 

flow reflected treatment OM intakes (Table 7). Post-rumina! digestron as a 

percentage of duodenal flow was greater with the 65% concentrate diets (P <.01). 

Total tract OM digestion using chromic oxide as the digesta flow marker, tended 

to be htgher for the high concentrate diets. Yet, total tract digestibilities were 

lower than anticipated for these diets and tended to be lower than values reported 

by Goetsch and Owens (1985). 

Rumina! digestion of OM averaged 48%, higher than many values reported m 

previous studies. OM digestion m the stomach as a percentage of OM of intake in 

a study by Stern et al. (1985) was 30 ± 4% and similar digestibtlities were reported 

by Santos et al. (1984) with lactatmg cows. Kung et al. (1983) observed very low 

estimates of OM digestion (OMD) m the rumen (4 to 26% of OM intake) usmg La 

as an mdigesttble marker. When acid detergent hgmn flow was used to calculate 

rumina! OMD, estrmates ranged from 36 to 43% of OM mtake. Kung et al. (1983) 

reported true OMD in the reticula-rumen based on La was 27 ± 4 and based on acid 

detergent lignin as a marker was 48%. 
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In most studies With intestinally-cannulated cows, daily dry matter intakes 

reported have been restricted 6 to 10 kg. Such values are low for lactatmg dairy 

cows. Santos et al. (1984) observed higher daily mtakes (14 to 16 kg). Sutton and 

Oldham (1977) and Hvelplund et al. (1976) concluded that as feed intake increases, 

the flow of digests through the forestomachs mcreases which reduces the portion 

of OM digested in the rumen. When daily OM mtakes increased from 8.2 to 12.9 

kg in dairy cows fed hay and concentrates, OM disappearance in the rumen 

dropped by 4 percentage umts (Tammmga et al., 1979). 

Nitrogen duodenal flow and digestibility were calculated based on INDF as 

the digests flow marker. Total N mtakes reflected the differences m diet 

formulations (Table 8). To determine the amount of soybean meal escapmg 

rummal degradation, urea plus corn starch was substituted for soybean meal at 

each concentrate level. To help prevent urea toxicity, total N in the urea diet 

was slightly lower than in the SBM diets. Enough urea was added to the diets to 

maintain adequate N for microbial synthesis. Based on bacterial composition from 

rumen fluid of cows fed the experimental diets, N levels appeared to be adequate 

(Table 9). Both chemical composition and microbial efficiency (g N per kg OM 

truly digested In the rumen) were not significantly altered by diet (P > .51). 

Bacterial efficiencies were similar to those reported by Stern and Hoover (1979) 

and Goetsch and Owens (1985). 

Non-ammonia non-miCrobial mtrogen passage to the duodenum tended to be 

greater With dietary SBM and With the 65 than the 35% concentrate diets P > .21). 

These reflect the difference in dietary protem escaping degradation m the 

rumen. Post-rummal digestion (% of duodenal flow) tended to be higher With the 

65% concentrate diets. Based on the differences m N flow leaving the abomasum 

between diets supplemented versus not supplemented with SBM, 45.9% and 18.0% 

of the SBM protem escaped rumina! degradation with the 65 and 35% concentrate 
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diets. These values are htgher than those reported by Weakley (1983), i.e., 20.4 vs 

13.8% for 80 and 40% concentrate diets, respectively. He assumed rumina! escape 

of corn protem to be 60% for calculation purposes, whereas m this trial, soybean 

protein rumina! escape was estimated drrectly smce corn protem was constant 

within diets compared. Zmn and Owens (1983) observed SBM bypass values of 24 

and 43% wtth 40 and 80% concentrate diets, again assuming corn protein escape 

value of 60%. In our study, increasmg concentrate level from 35 to 65% mcreased 

rumina! escape of SBM nitrogen by 155%. 

In a review by Schingoethe (1984), values of rumina! degradabtlity of soybean 

meal were reported from 40 to 70%. Early mvesttgations of Hume (1974) and 

Laughren (1978) reported rumina! escape values of soy protein of 61 and 32%, 

respectively. Though these estimates have been obtained in sheep studies and 

differences in terms of particle retention time m the rumen and chewmg 

differences between sheep and cattle may limit the value of these data for 

extrapolation to cattle. Usmg regression techniques Stern and Satter (1982) 

estimated soybean meal protein escape in the rumen to be 35%. In other 

investigations usmg mtrogen disappearance data from dacron bags and a rate of 

pasage study, the estimate of soy protem escape was 38% on a 60% forage: 40% 

concentrate diet (Stern et al., 1983). The dret was not fed as a total mtxed ration 

and .45 kg of soybean meal was fed at each feeding. The degradabthty esttmates 

may be btased due to the method m which soybean meal was added whrch 1s 

dtfferent than under typical product10n conditions. 

Most previous rumrnal escape values for SBM have been confounded by other 

dietary protem sources. Though these values differ from other studies, these are 

more direct estimates of the amount of soybean meal protem escaping rumina! 

degradation at two concentrate to forage ratios than have previously been 

determrned. Usrng mtrogen dtsappearance measurements from our dacron bag 
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study m conjunction with rate of passage data for soybean meal, SBM protem 

rummal escape estimates were 62.2% for 65% concentrate and 43.7 for 35% 

concentrate diet versus 45.9 and 18% for m v1vo estimates. Further research with ---
lactating dairy cows w1th SBM and other h1gh quality protein sources estimating 

rumina! escape are needed. Few estimates are available for h1gh producing cows 

fed diets varying the forage to concentrate ratios and dry matter intakes. Usmg 

smgle constant values for rumina! escape of d1etary soybean meal is imprecise. 

Adjustments for concentrate level and feed intake level need to be considered 

when using escape estimates in diet formulation. 



Table 1. COMPOSITION OF DIET USED IN SBM NITROGEN RUMINAL ESCAPE 
EXPERIMENT 

Percent concentrate 
b5 

Item I FN 2 

107 

diet 
35 

2 
---------(%, dry matter)--------

Ingredient 

Sorghum s i 1 age 

Alfalfa hay, chopped 

Concentrate (Table 2) 

Crude protein 

3-04-468 

1-00-063 

17.5 

17.5 

65 

14.6 

17.5 32.5 32.5 

17.5 32.5 32.5 

65 35.0 35.0 

12.9 14.5 12.4 
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Table 2. COMPOSITION OF CONCENTRATE PORTION OF DIETS USED IN SBM NITRO­
GEN RUMINAL ESCAPE EXPERIMENT 

Percent concentrate in diet 
~5 35 

Item I FNa 2 2 

Ingredient ---------(~ 0 ' 
dry basis)---------

Corn, ground 4-21-018 70.0 70.0 60.0 60.0 

Soybean meal 5-04-604 18.0 28.0 

Cornstarch 16.0 25.5 

Cottonseed hulls 1-01-599 4.0 4.0 4.0 4.0 

Urea 5-05-070 2.0 2.5 

Molasses, cane 4-04-696 5.0 5.0 5.0 5.0 

Dicalcium phosphate 6-01-080 2.0 2.0 2.0 2.0 

Salt, . I b trace mrnera 1.0 1.0 1.0 1.0 

Chromic oxide 2.0 2.0 2.0 2.0 

Crude protein 16.2 13.7 20.0 14.2 

alnternational reference number. 

bMorton Salt Co., Chicago, IL 60606; contained, as a percentage: 
NaCI - not more than 97.0%, NaCI - not less than 92.0%, Manganese - not 
less than .250%, Iron- not less than .200%, Sulfur - not less than .030%, 
Copper - not less than .033%, Cobalt- not less than .0025%, Iodine- not 
less than .007%, Zinc- not less than .005%. 



Table 3. DISAPPEARANCE OF SOYBEAN MEAL, ALFALFA HAY OR SORGHUM SILAGE FROM DACRON BAGS IN RUMEN OF COW FED 
EXPERIMENTAL DIETS 

Percent concentrate in diet 
Exposure 5 35 
Time, hr 1 2 1 2 

---------------------------SBM---------------------------
OM disappearance, % 3 lj) • 4 40.6 42.5 41.5 

6 46.9 46.4 44.3 47.0 
12 61.6 67.3 61.1 64.1 
24 85.2 83.5 80.1 93.3 

Residue slope, 
%/ha - 2. 11 - 2.07 - 1 .87 - 2.51 
%/hb - 6.70 - 6.28 - 5.27 -10.62 

N disappearance, % 3 33.10 27.5 29.6 36.3 
6 43.6 33.9 50.0 37.4 

12 56.0 46.7 55.6 64.8 
24 78.3 62.5 92.9 80.8 

Residue slope, 
a - 2.08 - 1 .65 - 2.78 - 2.25 %/hb 

%/h - 5.29 - 3.15 -10.71 - 6.04 

Alfalfa hax 

OM disappearance, % 12 52.4 58.0 50.2 51.9 
24 64.4 71.1 65.5 65.5 
48 70.6 72.2 69.6 72.7 

Residue slope, 
%/ha - .47 - .34 - .49 - .54 
%/hb - 1. 26 - 1 .o 1 - 1.15 - 1 .49 

0 
\.0 



Table 3 (Continued) 

Percent concentrate in diet 
Exposure 5 35 
Time, hr l 2 l 2 

-------------------------- SBM --------------------------

N disappearance, % 12 66.5 67.0 66.3 80.67 
24 84.7 75.5 84.5 85.8 
48 84.5 76.6 88.0 89.4 

Residue slope, 

%/ha - .43 - .24 - .54 - .23 
%/hb - l .83 - 2.07 - 2.61 - l . 33 

Sor~hum silage 

DM disappearance, % 12 32.5 36.0 50.2 51.9 
24 38.2 39.3 65.5 65.5 

Residue slope, 48 41.2 43.4 69.6 72.7 

%/h: - .23 - .20 - .49 - .54 
%/h - .36 - . 33 - l . 25 - l .49 

N disappearance, % 12 32.5 58.0 66.0 80.7 
24 42.4 71.1 84.5 85.8 
48 66.7 72.2 88.0 82.4 

Residue slope, 

%/ha - .96 - . 34 - .54 - .58 
%/hb - 2.00 - l . 0 l - 2.60 - l .99 

ali near bL . h . agar 1 t m1 c -0 
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Table 4. RUMEN TURNOVER RATE OF Yb LABELED SBM IN COWS FED EXPERIMENTAL 
DIETS 

Percent concentrate in diet 
65 35 

2 2 SE p 

Rate, %/h 8.7 8.6 8.3 7.9 .4 .95 



Table 5. RESPONSES OF COWS FED EXPERIMENTAL DIETS 

Percent concentrate in diet 
65 35 

Item 1 2 1 _l SE p 

Dry matter intake, kg/day 16.6 16.2 16.7 18.4 .37 .01 

Protein, % of DM 14.9 13.3 15.7 13.6 

Total protein intake, kg/day 2.47 2. 16 2.62 2.51 .06 .01 

Weight change, kg/day .6 .8 .2 . 1 .35 .83 

Ruminal NH 3-N, mg/dl 8.6 5.7 11.7 7.8 1.2 . 40 

N 
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Table 6. MILK YIELD AND CHEMICAL COMPOSITION IN COWS FED DIETS AT TWO 
CONCENTRATE TO FORAGE RATIOS WITH OR WITHOUT SBM 

Percent concentrate in diets 

65 35 
Item 2 2 SE p 

Milk, kg/day 23. 1 21.0 19.8 19.3 .4 .61 

Fat, % 3.7 3.7 3.7 3.8 . 1 .94 

Protein, % 3.5 3.4 3.7 3.7 . 1 .38 

FCMa 21.7 20. 1 18.7 18.8 .6 .02 

aFCM = 0.4 x kg milk/day+ 15 x kg fat/day. 



Table 7. ORGANIC MATTER DIGESTION IN COWS FED DIETS AT TWO CONCENTRATE TO FORAGE RATIOS WITH OR WITHOUT SBM 

Percent concentrate in diet 
65 ----~3~-'--------

Item 

Organic matter intake, g/d 

Leaving abomasum, g/d 

Total 
Non-microbial 

Rumina! digestion, % 

Unadjusted 
Adjusted 

Feces, g/d 

Post-rumina! digestion, 
% of input 

Total tract digestion 

15372 

8205 
5956 

46.0 
60.7 

6362.6 

60.3A 

59.5 

2 

15162 

6670 
4892 

53.7 
65.8 

6812.6 

53.7AB 

55.6 

15316 

7461 
5615 

49. I 
61.8 

7788. I 

42.7BC 

48.6 

ABCMeans in a row with different superscripts differ (P < .05). 

aAdjusted for microbial contribution. 

2 

16984 

8913 
6498 

42.6 
58. I 

8382.7 

48.9c 

52. I 

SE 

454.4 
320.6 

2.6 
1.8 

443.6 

1.4 

2.5 

p 

.37 

.38 

. 24 

.53 

.04 

. 01 

.34 

.I:'" 



Table 8. NITROGEN (N) DIGESTION IN COWS FED DIETS AT TWO CONCENTRATE TO FORAGE RATIOS WITH OR WITHOUT SBM 

Percent concentrate in diet 
65 35 

Item I 2 I 2 SE p 

Intake, g/d 

Total 374.7 321 . 5 400.7 365.6 
SBM 142.9 0 123.3 0 

Leaving abomasum, g/d 

Total 393.3 272.6 336. 1 374.5 23.5 .32 
Microbial N 206.9 154.4 163. 1 204.1 12.5 .35 
Ammonia N 22.8 20.3 21.3 41.1 3.4 . 14 
Non-ammonia, non-microbial 163.6 98.0 151 . 6 129.4 4.9 . 21 

Rumina! digestion, % 

Unadjusted - 1.0 - 17.2 - 15.6 - 1.0 5.5 .54 
Adjusteda 59.2 69.7 62.4 64.6 2.7 .57 
SBM escape, % 45.9 18.0 

Microbial efficiency, gN/kgOM 24. 1 17.4 18.7 23.2 1.8 . 51 

Feces, g/d 192.4 184.6 232.4 233. 1 12.9 .06 

Post-rumina! digestion, 
% of input 74.8 69.4 62.2 66.6 1.2 .08 

Total tract day, % 52.5 46.5 43.8 43.7 3.2 .66 

Expected total tract N 
digestion, zb 69.0 67.4 70.6 68. 1 

aAdjusted for microbial and ammonia N. bCalc% dig. protein= (.9(%CP)-3)/%CP. 
V1 



Table 9. COMPOSITION OF BACTERIA HARVESTED FROM RUMEN FLUID IN SBM 
NITROGEN RUMINAL ESCAPE IN EXPERIMENT 

Item 

Bacterial nitrogen, % 
of dry matter 

Bacterial RNA-Nitrogen 
to total nitrogen 

7.7 

12.8 

Percent concentrate-' in diet 
65 35 

2 

7.26 7.35 

12.7 12.0 

116 

2 

7.08 

11.6 
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0 2752 0 9184 0 0452 0 Oto1 0 0067 0 0001 0 0007 0 0022 0 0639 0 0001 0 0000 0 034:2 0 2966 

WATER o 08452 -o 49795 -o 32782 -o 02836 o o6450 -o 37362 -o 27181 -o 39942 o 35769 o 09762 -o 27397 t ooooo o ooooo 
0 5209 0 0001 0 0106 0 8297 0 6244 0 0033 0 0357 0 0016 0 0050 0 458 I 0 0342 0 0000 I 0000 

SHAM o 12677 -o C783J -o 190Q.1 -o :25289 o 39458 o 31501 -o ot58J -o 09922 o 49122 -o 23428 -o 13699 o ooooo 1 O<X>OO 
0 3344 0 5519 0 1458 0 0512 0 0018 0 0142 0 9044 0 4507 0 0001 0 0716 0 2966 1 0000 0 0000 

FDRAT£ o 16903 -o oo559 o 25181 o 57906 -o 50461 o 30769 o 28236 o 31547 -o 35292 -o 39047 o 64758 o ooooo o ooooo 
0 1967 0 9662 0 0523 0 0001 0 0001 0 0168 0 0288 0 0141 0 0057 0 0020 0 0001 I 0000 t 0000 

TEMP -o 14814 -o 26269 -o t5645 o t5459 -o 48945 -o t023s o o6tt2 o 09195 -o 06623 -o 29231 o 44783 -o 22617 -o 02827 
0 2587 0 0426 0 2326 0 2383 0 0001 0 4363 0 6427 0 4847 0 6151 0 0234 0 0003 0 0823 0 8302 

T I ME 0 00000 0 ()(XXX) 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000 
10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 

oM -o 03656 o OJJ35 o 09546 o 07760 o 03078 o 06225 o 06834 o 05178 -o 02798 o 01390 o 02t90 -o 04924 -o Ot445 
0 7816 0 8003 0 4681 0 5556 0 8154 0 6365 0 6039 0 6944 0 8319 0 9161 0 8681 0 7087 0 9128 

Correlat1on coefficients: 44% solvent extracted soybeans 
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CORRllATION COlfFICJfNJS / PIWH '> jRj UNDER HO RHO-Q / N 60 

'"' 0><0 llM1 0Mf2 mno PRTO PRT-t PRJ 12 PRl ;w PIN NSOL WA rER STEAM 

PRJ V L}IJ I() u 00901 0 10288 0 OG I Bl 0 OLJ II 0 1-t:tOI 0 I J8 12 0 05J 18 0 01890 0 Ol>021 0 08258 0 05125 0 0597 I 

0 5825 0 945.! 0 4341 0 6389 0 6319 o 21qo 0 2568 0 GA 19 0 5490 o Gns 0 5305 0 6974 0 650-t 

FORATE TEMP T 1M£ OM PRT 

IRT 0 1&90 I 0 I 18 II 0 OOvOO o oJG~G -o o"l2 10 
0 19&/ 0 258' ' 0000 0 7816 0 5825 

D"" -o ooss9 -o 26269 0 00000 0 03335 -0 00907 
0 9667 0 0426 1 0000 0 8003 0 9452 

OM4 0 .J516 1 0 15645 0 00000 0 09~46 0 10288 
0 052.J 0 2126 1 0000 0 4681 0 434 1 

DMI2 0 5/90(, 0 1~459 0 00000 0 01760 0 06182 
0 0001 o :nsJ 1 0000 0 5556 0 6389 

[)M20 -0 50 Hi 1 -0 18915 0 00000 0 OJ078 0 06311 
0 00{)1 (_) 0001 ' ()()(>() 0 815.J 0 6319 

PRTO 0 30 /L~I 0 1023) 0 00000 0 06225 0 14204 
0 OlfiH 0 4363 I 0000 0 6365 0 2790 

f R J4 0 28JJI> 0 OL112 0 00000 0 06834 0 14872 
0 028A 0 6427 1 0000 0 6039 0 25GB 

PR T ll 0 J t!J 11 0 09195 0 00000 0 05178 0 05348 
0 0141 0 4847 1 0000 0 694 I 0 6849 

PRT20 -o 35292 -o 0662J 0 00000 -0 02798 0 07890 
0 0057 0 6151 1 0000 0 8319 0 5490 

PIN -o 39041 -o :29231 0 00000 0 01390 -0 06024 
0 0010 0 0234 I 0000 0 9161 0 6475 

NSOL 0 617b8 0 14783 0 00000 0 02190 0 08258 
0 0001 0 0003 I 0000 0 8681 0 5305 

WATER o ooooo -o 22617 o ooooo -o 04924 -o os125 
1 0000 0 0823 1 0000 0 7087 0 6974 

STEAM 0 00000 0 02827 o ooooo -o o t445 0 05971 
1 0000 0 8302 1 0000 0 9128 0 6504 

FORA TE 1 00000 0 36752 0 00000 0 03316 0 04037 
0 0000 0 0039 1 0000 0 8014 0 7594 

TENP 0 16752 1 00000 o ooooo -o 03874 0 00086 
0 0039 0 0000 1 0000 0 7688 0 9948 

TINE 0 00000 0 00000 1 00000 0 96446 0 93103 
I 0000 I 0000 0 0000 0 0001 0 0001 

Correlation coefficients: 44% solvent extracted soybeans 
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coRRELATION co£FFI<..JrNrs 1 PROB > IRI UNOER HO RHo"o I N =Go 

FORA IE TEMP f1M[ OM PRT 

OM 0 03316 -0 OJ874 0 96446 1 OQCX)() 0 95022 
0 8014 0 7688 0 0001 0 0000 0 0001 

PRT 0 04037 0 00086 0 93 103 0 95022 t 00000 
0 7594 0 9948 0 0001 0 0001 0 0000 

Correlation coefficients: 44% solvent extracted soybeans 
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NOTE 38 OBS HIDDEN 

SAS 

PLOT OF DM*TIME SYM£l0l IS VALUE OF TRT 

OM 

60 + 

50 + 

'40 + 

5 
1 

30 +1 
1 
2 

8 
20 + 

3 
1 
2 

7 

8 
1 
3 
9 
r; 

-+----------+----------+----------·---
0 4 8 12 

TIME 

3 
9 
1 
1 

------+----------+----
16 20 

Plot of disappearance values for 44% solvent extracted soybeans from dacron bags in 
rumen of a cow 
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NOTE 34 OBS HIOOEN 

PRT 

40 + 

30 + 

20 + 

10 +3 
4 
1 
6 

0 + 

PLOT OF PRT•TJMF 

3 

2 
5 
4 

-+----------+----------+-
0 4 8 

SAS 

SYMBOL IS VALUE OF TRT 

7 

5 
1 
1 
2 
9 

3 

6 
2 
9 
6 
1 
7 

------+----------~----------+----

12 16 20 

1 IME 

Plot of disappearance values for 44% solvent extracted soybeans from dacron bags in 
rumen of a cow 

-1=:" 
-I:-



NOTE 8 OBS HIDDEN 

PRT 

40 + 

30 + 

20 + 

10 + 

8 

PLOT OF PRl*DM 

61 

3 
94 

2 1 1 1 

1 
1 

6271 
1 5 

4 5 
1 1 

SAS 

3 

SYMBOl IS VALUE OF 1 RT 

r, 

1 6 1 
34 1 28 
9 

21 

78 
1 

7 

3 

6 
4 

9 

1 5 

0 + 
--+---+---+---+---+---+---+---+---+---+---+---+---+---+---+--

18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 

OM 

Plot of disappearance values for 44% solvent extracted soybeans from dacron bags in 
rumen of a cow 
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APPENDIX B 

DRY MATTER DISAPPEARANCE AND NITROGEN 

DISAPPEARANCE PLOTS OF FEED 

INGREDIENTS STUDIED IN 

CHAPTER VII 

146 



PLOT OF OM'TIMf SYMBOL IS VALUE OF TRT 

100 + 

TRT 1 = 65% cone diet I with SBM 
90 + 

TRT 2 = 65% cone diet I 1 
with urea 2 

80 + 3 

TRT 3 = 35% cone diet with DM I 
SBM 

70 + 

I 
2 

TRT 4 = 35% cone diet with t1 

urea 60 + 3 

I 
50 + 

I 
1 
3 

1 
40 + 2 

--+-------+-------+-------~ -------f-------+-------+- --- -+--

1 6 9 12 15 18 21 24 

1 I ME 

NOTE 4 OBS HIODfN 

Plot of disappearance values for soybean meal from dacron bags in rumen of cow fed 
experimental diets 
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PLOT OF ND*TIME ~YM80L IS VALUE OF TRT 
NO 

TRT 1 = 65% cone diet 100 + 

with SBM I 1 
90 I 

TRT 2 = 65% cone diet I 
with urea 80 + 4 

TRT 3 = 35% cone diet I 
70 I 

with SBM I 4 2 
60 + 

TRT 4 = 35% cone diet I with urea 50 ~ 3 

I 2 

<lQ I 

I ~ 4 
2 

JO I 3 

I 2 

:;>Q + 
--+-------+-------~ ----- I ---- --·-------+-------+-------+ 

3 6 9 12 1') 18 21 :;> 1 

r 1 Mr 

NOTE 1 OBS HIDDEN 

Plot of disappearance values for soybean meal from dacron bags tn rumen of cow fed 
experimental diets 
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TRT I = 65% cone diet 
with SBM 

NO 
PLOT OF ND•DM SYMBOL IS VALUE OF TRT 

TRT 2 = 65% cone diet 
100 • 

I with urea 
90 + 3 

TRT 3 = 35% cone diet I 
with SBM 80 • 

TRT 4 = 35% cone diet I 
70 + 

4 

with urea I 
60 + 

4 ') 

I 31 

50 + 3 

I ? 

'10 + 

I 4 4 
1 ') 

30 I J 

I 2 

?0 + 
--- t--

40 
- ~----+----+----+----+- --i 

15 50 55 60 6~ 70 
---+----+----+----+----+--

75 80 85 90 95 

OM 

Plot of disappearance values for soybean meal from dacron bags in rumen of cow fed experi­
mental diets 
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PLOT OF ND•TIME SYMBOL IS VALUE OF TRT 

90 + 

TRT l = 65% cone diet with 

I 
3 

3 
SBM 4 

80 + 4 

TRT 2 = 65% cone diet with I urea 2 
70 + 2 

TRT 3 = 35% cone diet with NO I 3 
SBM 

60 + 

TRT 4 = 35% cone diet with I 2 
urea 

50 + 

I 
40 + 

I 1 
30 + 

--+------------------+------------ ------+------------------+-
12 24 36 4ti 

TIM~ 

NOTE 1 OBS HIDDEN 

Plot of disappearance values for sorghum silage from dacron bags in rumen of cow fed 
experimental diets 
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PLOT OF NO•OM SYMBOL IS VALU~ OF TRT 

90 + 

TRT 1 = 65% cone diet with 

I 
3 

SBM 3 
..) 

80 + 4 

TRT 2 = 65% cone diet with 

I urea 2 
70 + 2 

TRT 3 = 35% cone diet with 
NO I 1 l 

SBM 
60 + 

TRT 4 = 35% cone diet with I 
2 

urea 
50 ~ 

I 
40 + 

I 
30 + 

--+---+---+---+---+---+---+-- t---+---+---t---+---+---+---+--
30 33 36 39 ~? 45 ~8 51 51 57 60 63 66 69 72 
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NOTE t OBS HIDDEN 

Plot of disappearance values for sorghum silage from dacron bags in rumen of cow fed 
experimental diets 
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PLOT OF OMYTIME SYMBOL IS VALUE OF TRT 

TRT I = 65% cone diet with DM 
SBM I 4 

70 + 3 

TRT 2 = 65% cone diet with I 3 

urea 
60 + 

TRT 3 = 35% cone diet with 
SBM 

I II 

TRT 4 = 35% cone diet with 
50 + 3 

urea 
2 
1 

40 + 2 
1 

2 

I 1 
30 + 

I 
--+------------------+--- -- -----------+------------ -----+-

1::> 211 1C'; 48 

TIME 

NOTE 1 OBS HIDDEN 

Plot of disappearance values for sorghum silage from dacron bags in rumen of cow fed 
experimental diets 
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PLOT OF DM*TIME SYMBOL IS VALUE OF lRT 

TRT I = 65% cone diet with 
OM I 4 

SBM 2 
2 1 

70 + l 

TRT 2 = 65% cone diet with 
urea 

I 3 

TRT 3 = 35% cone diet with 65 + 

SBM 

TRT 4 = 35% cone diet with 60 + 
urea 

I 2 

55 + 

50 + 3 

I . 
--+------------------+---------. -----+------------------+-

12 24 36 48 

TIM~ 

NOTE 2 OBS HIDDEN 

Plot of disappearance values for alfalfa hay from dacron bags in rumen of cow fed experi­
mental diets 
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TRT 1 = 65% cone diet with 
SBM 

TRT 2 = 65% cone diet with 
urea 

TRT 3 = 35% cone diet with 
SBM 

TRT 4 = 35% cone diet with 
urea 

NOTE 2 OBS HIDDEN 

PLOT or ND*TIME SYMBOL IS VALUE or TRT 

NO 

4 
85 + 

I 4 
80 + 

I 
75 + 

70 + 

65 + 

1 
3 

2 

--+------------------+--- ----------+-----
12 24 36 

r r Mr 

4 
3 

2 

-------f-

48 

Plot of disappearance values for alfalfa hay from dacron bags in rumen of cow fed experi­
mental diets 
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TRT 1 = 65% cone diet with 
PLOT OF ND*DM SYMBOl IS VALUE OF TRT 

SBM NO 4 
3 

TRT 2 = 65% cone diet with 4 

urea 85 + 1 1 

TRT 3 = 35% cone diet with 
SBM I 4 

80 ~ 

TRT 4 = 35% cone diet with 
urea I 2 

2 
75 ~ 

70 + 

2 
J 

65 ~ 

---+----~----~----·----+----+----l----·----+----+----+----+--

50 52 54 56 58 60 G2 64 66 G8 70 72 

OM 

Plot of disappearance values for alfalfa hay from dacron bags in rumen of cow fed experimental 
diets 
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